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Summary

An investigation was conducted in the static test
facility of the Langley 16-Foot Transonic Tunnel to
evaluate the internal performance of an axisymmetric
convergent-divergent nozzle and a nonaxisymmetric
convergent-divergent nozzle, both of which utilized
a gimbal-type mechanism for thrust vectoring in at
least one plane. The nonaxisymmetric nozzle used
the gimbal concept for yaw thrust vectoring only,
and pitch thrust vectoring was accomplished by si-
multaneous deflection of the upper and lower diver-
gent flaps. The model geometric parameters investi-
gated were pitch vector angle for the axisymmetric
nozzle and pitch vector angle, yaw vector angle, noz-
zle throat aspect ratio, and nozzle expansion ratio
for the nonaxisymmetric nozzle. All tests were con-
ducted with no external flow, and nozzle pressure
ratio was varied from 2.0 to approximately 12.0.

Results of this study indicate that a gimbal mech-
anism upstream of the nozzle throat is a highly effec-
tive and efficient thrust-vectoring device. The gim-
bal concepts of this investigation produced resultant
thrust vector angles equal to the geometric thrust
vector angles with little or no loss in resultant gross
thrust. For the nonaxisymmetric nozzle, rotation of
the divergent flaps produced resultant pitch vector
angles which, although dependent on nozzle pressure
ratio, were nearly equal to the geometric pitch vee-
tor angle. The losses in resultant gross thrust due to
pitch vectoring were small or negligible.

Introduction

Many studies have shown the benefits of thrust
vectoring (and, in particular, multiaxis thrust vec-
toring) on fighter aircraft performance (refs. 1 to 22).
Some of these potential benefits are aircraft control
augmentation (refs. 8, 9, and 12 to 21), reduced air-
craft weight (refs. 3 and 20), and improved aircraft
survivability (refs. 3, 9, 10, and 20). Thrust vector-
ing will also allow aircraft to operate in flight regimes
where conventional aircraft cannot operate, namely,
at the very low speeds occurring during vertical or
short takeoff and landing operation (refs. 4 and 8
to 10) and at the very high angles of attack occur-
ring during “supermaneuverability” or poststall ma-
neuvers (refs. 12, 16, and 19 to 21).

In an attempt to provide thrust-vectoring capa-
bility with minimum adverse impact on aircraft per-
formance, many thrust-vectoring concepts have been
considered (refs. 4, 6, 13, and 22 to 29). Early
thrust-vectoring concepts were for pitch thrust vec-
toring only, but more recent studies have concen-
trated on multiaxis (pitch and yaw) thrust-vectoring
capability. One of the earliest thrust-vectoring con-

cepts considered by engine manufacturers was a gim-
bal or swivel mechanism inserted in the nozzle tail
pipe. Examples of these designs and associated per-
formance can be found in references 4, 6, 23, and 24.
In general, this concept was directed toward verti-
cal or short takeoff and landing applications and, as
such, had vectoring capabilities equal to or greater
than 90°. Since the gimbal or swivel mechanism is
located upstream of the exhaust nozzle, this concept
can be utilized with any nozzle design including ax-
isymmetric and nonaxisymmetric types. Another ad-
vantage of this concept is that flow turning is accom-
plished in the low-speed, subsonic exhaust flow ahead
of the nozzle throat, and thus flow-turning losses on
nozzle thrust are expected to be small. However,
because of high gimbal system weight and difficul-
ties with propulsion airframe integration (airframe
doors were often required to allow high nozzle thrust
vector angles), the gimbal concept was essentially
abandoned in favor of more integral nozzle/thrust-
vectoring systems. (See ref. 4.)

Recently, interest in the gimbal thrust-vectoring
concept has been revived for the following three rea-
sons: (1) the lower angle thrust-vectoring require-
ments for control augmentation may allow gimbal-
system weight penalties to be reduced and also min-
imize problems associated with airframe integration;
(2) for axisymmetric exhaust nozzles, the gimbal con-
cept is one of the few options available; and (3) for
nonaxisymmetric nozzles, integration of the round
gimbal mechanism with the convergent section of the
nozzle (changing nozzle high-pressure sections up-
stream of nozzle throat from rectangular to round)
may help to reduce the inherent weight penalty for
nonaxisymmetric nozzles.

The purpose of the present paper is to present
the results of a static investigation to evaluate the
internal performance of an axisymmetric convergent-
divergent nozzle and a nonaxisymmetric convergent-
divergent nozzle, both of which utilized a gimbal-type
mechanism for thrust vectoring. The nonaxisymmet-
ric nozzle used the gimbal concept for yaw thrust
vectoring only, and pitch thrust vectoring was accom-
plished by simultaneous deflection of the upper and
lower divergent flaps. Previous studies of nonaxisym-
metric nozzles have indicated that divergent-flap de-
flection is an effective and efficient method to obtain
pitch thrust vector angles. (Seerefs. 6, 11, 22, 25, and
26.) The experimental investigation was conducted
in the static test facility of the Langley 16-Foot
Transonic Tunnel at static (no external flow) condi-
tions. The model geometric parameters investigated
were pitch vector angle for the axisymmetric noz-
zle and pitch vector angle, yaw vector angle, nozzle
aspect ratio (throat width divided by throat height),
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and nozzle expansion ratio for the nonaxisymmetric
nozzle. High-pressure air was used to simulate the
jet exhaust flow at nozzle pressure ratios from 2.0 to
approximately 12.0.

Symbols

All forces (with the exception of resultant gross
thrust) and angles are referred to the model body
axis.

AR nozzle throat aspect ratio, w;/h¢
A, nozzle exit area, in?
Ae /At nozzle expansion ratio
Ay nozzle throat area, in?
Cy nozzle discharge coefficient, wy,/w;
F measured thrust along body axis,
positive in forward direction, 1bf
E; ideal isentropic gross thrust,
w,,\/%fu%}l {1 - (%)”_””] ,Ibf
Fy measured normal force, 1bf
F, resultant gross thrust,
VF2+ F} + FZ, Ibf
Fg measured side force, lbf
g acceleration due to gravity (1g =~

32.174 ft /sec?)

hy nozzle duct height at throat, in.

L length of divergent flaps along nozzle
centerline, in.

NPR nozzle pressure ratio, py /Pa

(NPR),; design nozzle pressure ratio (NPR for
fully expanded flow at nozzle exit)

p local static pressure, psi

Pa ambient pressure, psi

Ptj average jet total pressure, psi

R; gas constant, 1716 ft2/sec? - °R for air

Ty ; jet total temperature, °R

w; ideal weight-flow rate (for NPR
> 1.89), Ibf/sec,
Aupr (T%)(v+1)/2(7—1) 7’,1;’72{3

wp measured weight-flow rate, 1bf/sec

wy nozzle duct width at throat, in.

T axial distance downstream of nozzle
throat, in.
T rotated model coordinate axis (see

figs. 8 and 9), in.

Y lateral distance measured from model
centerline, positive to right side when
looking upstream, in.

Qa nozzle divergence half-angle, deg
ratio of specific heats

op resultant pitch thrust vector angle,
tan~!(Fy/F), deg

Oy p geometric pitch vector angle measured
from model centerline, (positive angle
produces positive normal force), deg

oy geometric yaw vector angle measured
from model centerline, (positive angle
produces positive side force), deg

oy resultant yaw thrust vector angle,
tan~ 1 (Fg/F), deg

¢ roll angle about model centerline,
positive in clockwise direction when
looking upstream, deg

Abbreviations:

Axi. axisymmetric

C-D convergent-divergent

SCF spherical convergent flap

Sta model station, in.

T.E. trailing edge

WL waterline

2-D two-dimensional or nonaxisymmetric

Apparatus and Methods

Static Test Facility

This investigation was conducted in the static
test facility of the Langley 16-Foot Transonic Tun-
nel. Testing is conducted in a large room where the
jet from a simulated single-engine propulsion system
exhausts to the atmosphere through an acoustically
treated exhaust passage. A control room is remotely
located from the test area, and a closed-circuit tele-
vision is used to observe the model when the jet is
operating. The static test facility has an air control
system that is similar to that of the 16-Foot Tran-
sonic Tunnel and includes valving, filters, and a heat



exchanger to maintain the jet flow at constant stag-
nation temperature. The air system utilizes the same
clean, dry air supply as that used by the 16-Foot
Transonic Tunnel (ref. 30).

Single-Engine Propulsion Simulation
System

A sketch of the single-engine, air-powered nacelle
model on which various nozzle configurations were
tested is presented in figure 1. The propulsion simu-
lation system is shown with an unvectored, gimballed
axisymmetric nozzle installed.

An external high-pressure air system provided a
continuous flow of clean, dry air at a controlled tem-
perature of about 540°R. This high-pressure air was
varied during jet simulation up to about 175 psi in
the nozzle. The pressurized air was brought by six
air lines through a dolly-mounted support strut and
into a high-pressure plenum chamber. The air was
then discharged perpendicularly into the model low-
pressure plenum through eight multiholed sonic noz-
zles equally spaced around the high-pressure plenum.
(See fig. 1.) This airflow system was designed to
minimize any forces imposed by the transfer of ax-
ial momentum as the air is passed from the non-
metric high-pressure plenum to the metric (attached
to the balance} low-pressure plenum. Two flexible
metal bellows sealed the air system (between met-
ric and nonmetric model parts) and compensated for
axial forces caused by pressurization. The air then
passed from the low-pressure plenum through a cir-
cular choke plate and instrumentation section, which
were common for all nozzle configurations tested. All
test configurations attached to the instrumentation
section at model station 39.00.

Nozzle Designs

Two different nozzle types were tested: an
axisymmetric convergent-divergent (Axi. C-D)
nozzle and a nonaxisymmetric (two-dimensional)
convergent-divergent {2-D C-D) nozzle. Both nozzle
types utilized a gimbal mechanism to provide part or
all their thrust-vectoring capability. Table 1 provides
a list of all nozzle configurations tested.

Gimballed azisymmetric nozzle. The Axi.
C-D nozzle tested is shown in the three-view sketch of
figure 2 and photographs of figure 3. This nozzle uti-
lized a gimbal-type mechanism (simulated by fixed-
geometry model hardware) in the tail pipe ahead of
the nozzle to provide both pitch and yaw thrust-
vectoring capability. Geometric details of the gimbal
section and nozzle are provided in figure 4.

Since the Axi. C-D nozzle configuration was sym-
metric about the model centerline and the gimbal
section geometry for yaw thrust vectoring would be
identical to that for pitch thrust vectoring (the nozzle
deflection would be in the lateral rather than vertical
plane), only the pitch thrust vector angle was varied
during the test. Geometric pitch thrust vector angles
8y p of 0°,10°, 20°, and 25° were tested. (See table 1.)
Pitch thrust-vectoring results can be rotated directly
to the yaw thrust-vectoring plane. The Axi. C-D
nozzle was designed with an expansion ratio A./A;
of 1.80 which corresponds to a design nozzle pressure

ratio (NPR), of 8.81.

Spherical-convergent-flap nonaxisymmetric
nozzle. The 2-D C-D nozzle of the current test
is shown in the three-view sketch of figure 5 and
in the photograph of figure 6. A gimbal mecha-
nism is integrated with the nozzle just upstream of
the throat such that the nozzle convergent duct is
spherical in shape and the duct retains the struc-
turally efficient circular cross section. The throat
and divergent section of the nozzle are rectangular
in cross-sectional shape. The nozzle sidewall trail-
ing edges were located at approximately 72 percent
of the divergent-flap length. Geometric details of the
SCF 2-D C-D nozzle are shown in the sketches of fig-
ure 7.

As indicated in table 1 and figures 7(b) and 7(c),
the SCF 2-D C-D nozzle configuration was tested
with throat aspect ratios of 1.265, 2.083, and 2.508.
Each of these throat aspect ratios represents a dif-
ferent nozzle design. All other model parameters
investigated (A¢/Ai, &yy. and 6,p) represent geo-
metric variations that would be obtained on actual
full-scale hardware through variable geometry. The
gimbal mechanism of the SCF 2-D C-D nozzle was
utilized to provide a yaw thrust-vectoring capability
only. Geometric yaw vector angles &, up to 25°
(depending on AR) were tested. As shown in fig-
ure 7(b), the width of the throat cutout in the SCF
section increased as nozzle throat aspect ratio AR in-
creased. The larger width cutout of the AR = 2.083
and 2.508 nozzles limited the geometric yaw vector
angles for these configurations to 20° and 15°, re-
spectively. (See table 1.)

The pitch thrust-vectoring capability is provided
by deflection of the 2-D divergent flaps of the
SCF 2-D C-D nozzle. This method for providing a
pitch thrust-vectoring capability has been shown to
be very effective and efficient for 2-D C-D nozzle
types. (See refs. 6, 11, 22, and 27.) Geometric pitch
vector angles 6, , up to 25° were tested without and
with simultaneous yaw thrust vectoring.



Lastly, each combination of throat aspect ratio,
geometric yaw vector angle, and geometric pitch
vector angle for the SCF 2-D C-D nozzle was tested
at nozzle expansion ratios of 1.46 and 1.63 which
have associated values of (NPR)4 of 5.92 and 7.33,
respectively. The expansion ratio was varied by
varying the trailing-edge waterline location of the
nozzle divergent flap (see fig. 7(c)) which results in a
variation of nozzle exit area.

Instrumentation

A six-component strain-gauge balance was used
to measure forces and moments on the model down-
stream of model station 20.50. Jet total pressure was
measured at a fixed station in the instrumentation
section by a five-probe rake (see fig. 1) and a single-
probe rake (not shown). A thermocouple was also
positioned in the instrumentation section to measure
jet total temperature. The weight flow of the high-
pressure air supplied to the nozzle was determined
from two calibrated, choked venturi located in the
air system upstream of the model.

Internal (jet flow) static pressure distributions
were measured on each configuration tested. Static
pressure orifice locations on the gimballed axisym-
metric nozzle are shown in the sketches of figure 4.
Two rows, one on top and one on bottom, of static
pressure orifices were located along the internal flow
path. For the 6, , = 20° and 25° configurations, one
of the bottom-row orifice locations in the gimbal sec-
tion was moved to the top row. (See fig. 4(a).)

Static pressure orifice locations on the SCF 2-D
C-D configurations are shown in figure 7. A row
of internal static pressure orifices was located on
each side of the transition section (see fig. 7(a)) and
spherical convergent-flap section (see fig. 7(b)). It
should be noted that as geometric yaw vector angle
was increased, some of the orifices on the rotating
spherical convergent-flap section were covered on one
side by the stationary transition section. Asshown in
figure 7(c), static pressure orifices downstream of the
throat were located on the model centerline of the left
and right sidewalls and also on the upper and lower
divergent flaps. Orifice locations on the divergent
flaps are given in table 2, and orifice locations on the
sidewalls are given in table 3.

For presentation purposes, an alternate z-axis co-
ordinate system (z') was defined. The z'-axis for
both nozzle types rotates about the gimbal pivot
point on the model centerline. The alternate coor-
dinate system for the gimballed axisymmetric nozzle
is shown in figure 8. The z'-axis rotates equally with
8y,p. The value of 2’ = 0 is defined as the throat sta-
tion. For &y, = 0°, the z- and z'-axes are coincident.
Static pressure orifice locations on the z’-axis for the
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gimballed Axi. nozzle are given in table 4. The alter-
nate coordinate system for the SCF 2-D C-D nozzles
is shown in figure 9. This coordinate system is similar
to that defined for the gimballed Axi. nozzle except
that the z'-axis rotates equally with by,y since the
gimbal mechanism operates in the yaw plane for the
SCF 2-D C-D nozzles. Static pressure orifice loca-
tions on the z’-axis for the SCF 2-D C-D nozzles are
given in table 5 for the divergent flaps and in table 6
for the sidewalls.

Data Reduction

Approximately 50 frames of data, taken at a rate
of 10 frames per second, were used for each data
point; average values were used in the computations.
With the exception of resultant gross thrust Fj, all
data in this report are referenced to the model center-
line (x-axis). Five basic performance parameters are
used in the presentation of results; they are internal
thrust ratio F'/F;, resultant gross-thrust ratio F./Fj,
discharge coefficient Cy, and two resultant thrust vec-
tor angles—0op for pitch and 6y for yaw. Reference 31
presents a detailed description of the data reduction
procedures used for the current investigation.

The internal thrust ratio F/F; is the ratio of the
measured nozzle thrust along the body axis to the
ideal nozzle thrust. Ideal thrust F} is based on mea-
sured weight flow wy, jet total pressure py ;, and jet
total temperature T; ;. (See the symbols section.)
The balance axial-force measurement, from which the
measured nozzle thrust F is subsequently obtained,
is initially corrected for model weight tares and bal-
ance interactions. Although the bellows arrangement
in the air pressurization system was designed to elim-
inate pressure and momentum interactions with the
balance, small bellows tares on the six balance com-
ponents still exist. These tares result from a small
pressure difference between the ends of the bellows
when air system internal velocities are high and from
small differences in the spring constant of the for-
ward and aft bellows when the bellows are pressur-
ized. These bellows tares were determined by run-
ning Stratford choke calibration nozzles with known
performance over a range of expected internal pres-
sures and external forces and moments. The result-
ing tares were then applied to the six-component bal-
ance data obtained during the current investigation.
Balance axial force obtained in this manner is a di-
rect measurement of the thrust along the body axis.
The procedure for computing the bellows tares is dis-
cussed in detail in reference 30.

The resultant thrust ratio F;./F; is the resultant
gross thrust divided by the ideal thrust. Resultant
gross thrust is obtained from the measured axial,
normal, and side components of the jet resultant



force. From the definitions of F and Fr, it is obvious
that the thrust along the body axis F includes losses
that result from turning the exhaust vector away
from the axial direction, whereas the resultant gross
thrust F, does not.

The nozzle discharge coefficient Cy is the ratio of
measured weight flow to ideal weight flow and reflects
the ability of a nozzle to pass exhaust flow. The
discharge coefficient is reduced by any momentum
and vena contracta losses (effective throat area less
than A). Nozzle throat area A is the measured
geometric minimum area in the nozzle.

The resultant vector angles 6, and &, are effec-
tive angles at which the thrust-vectoring mechanism
turns the exhaust flow from the axial direction. As
indicated in the symbols section, determination of
these angles requires the measurement of axial, nor-
mal, and side forces on the model.

Results and Discussion

Gimballed Axisymmetric Nozzle

Internal static pressure distributions are pre-
sented in figures 10 and 11, and nozzle internal per-
formance parameters are presented in figure 12 for
the gimballed axisymmetric nozzle. Nozzle inter-
nal static pressure ratios p/p; j are given in table 7
for each gimballed axisymmetric nozzle configuration
and nozzle pressure ratio NPR tested.

The effect of nozzle pressure ratio on internal
static pressure distributions is shown in figure 10.
Ratios of static pressure to total pressure ahcad
of the nozzle (/L < —0.266) indicate exhaust
Mach numbers less than 0.30 in the gimbal section.
Internal static pressure distributions in the nozzle
(«//L > —0.266) exhibit trends typical of C-D noz-
zles (ref. 32). Typical of an overexpanded nozzle, a
sudden pressure rise across an exhaust-flow shock oc-
curs at about 35 percent of the divergent-flap length
for NPR = 2.012. Exhaust-flow separation from the
divergent flap probably occurs downstream of the
shock. Since (NPR)z = 8.81 for the gimballed ax-
isymmetric nozzle, the nozzle is overexpanded for all
NPR’s less than 8.81. For 4.011 < NPR <« 8.81, the
shock has apparently moved downstream of the last
static pressure orifice (z'/L = 0.789), and any asso-
ciated pressure rise over the last 20 percent of the
divergent-flap length is not measured.

The effect of geometric pitch thrust vector angle
on the internal static pressure distributions of the
gimballed Axi. nozzle is shown in figure 11. In
general, except for a very slight increase in exhaust-
flow expansion in the gimbal section, geometric pitch
vector angle had no effect on nozzle static pressures.
This might be expected since exhaust-flow turning

occurs upstream of the nozzle in the gimbal section
where exhaust-flow velocities are very low.

Since past studies have indicated that concepts
with subsonic flow-turning mechanisms generally
produce the highest thrust-vectoring performance
(ref. 6), it might be expected that the gimballed
Axi. nozzle will provide substantial levels of resultant
thrust vector angle with only small thrust losses. The
static pressure distributions shown in figure 11 also
indicate that thrust-vectoring operation will have lit-
tle effect on the gimballed Axi. nozzle performance.

The nozzle internal performance data shown in
figure 12 indicate that the above hypotheses are valid.
The effects of geometric pitch thrust vector angle on
resultant thrust ratio Fy./F; are negligible. The vari-
ation of F,/F; at high NPR (slightly outside an er-
ror band of 1/2 percent) was probably caused by a
summation of measurement errors in F, Fy, and Fg
(see the definition of Fr in the symbols section) for
high pitch vector angles. The body-axis thrust ra-
tio F/F;, as expected, decreases with increasing dy p
since the thrust vector is being turned away from
the body axis. Since the exhaust-flow-turning mech-
anism does not affect nozzle geometry, the nozzle dis-
charge coefficient Cy is independent of both NPR and
8vp.- The magnitude of C,; is somewhat low when
compared with that of other axisymmetric nozzles
(refs. 11 and 28); the low discharge coefficient for the
axisymmetric nozzle of the current investigation is
probably caused by the sharp corner at the nozzle
throat (ref. 33). The measured resultant thrust vec-
tor angles &, and é, were generally within 1° of the
design geometric values.

Overall, the data presented in figure 12 indi-
cate that a gimbal mechanism located in the tail
pipe ahead of the nozzle is a highly effective thrust-
vectoring device that results in little or no gross
thrust F, losses. Although the data were acquired
for an axisymmetric nozzle, it is believed that sim-
ilar results would also apply to a nonaxisymmetric
nozzle.

SCF Two-Dimensional
Convergent-Divergent Nozzle

Internal static pressure distributions are pre-
sented in figures 13 to 15, and nozzle internal per-
formance parameters are presented in figures 16 to
21 for the SCF 2-D C-D nozzle configurations tested.
Nozzle internal static pressure ratios p/p; j are given
in tables 8 to 47 for each nozzle configuration and
nozzle pressure ratio tested.

The effects of nozzle pressure ratio on the inter-
nal static pressure distributions of the SCF 2-D C-D
configurations are shown in figures 13 to 15. Static
pressure distributions on the nozzle upper and lower
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flaps and on the nozzle sidewalls are similar to those
reported from previous investigations of 2-D C-D
nozzle types. (See ref. 34.) Ratios of static pressure
to total pressure on the sides (¢ = 90° and 270°)
of the transition section (fig. 7(a)) indicate an ac-
celeration of the exhaust flow from Mach numbers
of about 0.15 to 0.40 in the AR = 2.508 configura-
tions (fig. 13) and from Mach numbers of about 0.15
to 0.50 in the AR = 2.083 and 1.265 configurations
(figs. 14 and 15). Before accelerating to sonic con-
ditions (p/p;; = 0.528) at the actual nozzle throat
(the geometric nozzle throat is at /L = 0), the flow
first decelerates in the aft portion of the transition
section and in the forward portion of the spherical
convergent-flap section. (See fig. 7(b).) The sidewall
static pressure distributions near the nozzle throat
indicate that exhaust-flow overexpansion may occur
in the AR = 2.083 and 1.265 configurations and cause
a pressure correction (compression) just upstream or
at the geometric throat (z//L = 0). This behavior
could indicate a flow-separation bubble in the spher-
ical convergent-flap section near the intersection of
the spherical contour with the flat sidewalls of the
rectangular opening. (See fig. 7(b).)

The actual nozzle throat (sonic line) appears
to occur upstream of the geometric throat for the
AR = 2.508 and 2.083 configurations and down-
stream of the geometric throat for the AR = 1.265
configurations. Downstream of the throat, the ex-
haust flow tends to expand smoothly down the noz-
zle sidewalls and divergent flaps until an exhaust-flow
shock or other compression is encountered. The only
significant effect of nozzle pressure ratio was on the
existence and location of an exhaust-flow shock at
NPR =~ 2.0. For the A./A; = 1.46 configurations, the
nozzle is overexpanded for NPR < 5.92 and a strong
shock occurs at about z'/L = 0.40 on the nozzle
flaps and sidewalls for NPR~2.0. Similar to the
axisymmetric nozzle discussed previously, exhaust-
flow shocks at other NPR’s below 5.92 occur down-
stream of the last static pressure orifice and thus
are not measured. For the A./4; = 1.63 config-
urations ((NPR); = 7.33), the exhaust-flow shock
at NPR~ 2.0 tends to move upstream in the nozzle
(the nozzle is more highly overexpanded) to z'/L ~
0.32. In addition to the exhaust-flow shock discussed
above, a compression can be noted on the divergent
flaps of all configurations aft of z’//L = 0.60. This
compression may be associated with the cutback noz-
zle sidewalls that ended at z'/L = 0.722.

Except near the throat station (—0.3 < z'/L <
0.3) for AR = 2.508 configurations (fig. 13), the ex-
haust flow was generally symmetric in the nozzle
from top to bottom and from side to side. Asym-
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metric pressure distributions were probably caused
by slight fabrication differences in the spherical
convergent-flap section near the nozzle throat.

The effects of nozzle pressure ratio on the various
internal performance parameters shown in figures 16
to 21 are typical of those reported from previous
studies of 2-D C-D nozzle types. (See refs. 11, 22,
25, 26, 33, and 34.) For cruise (unvectored) config-
urations, peak internal thrust ratio F/F; and resul-
tant thrust ratio Fy./F; tend to occur near the design
nozzle pressure ratio for cach nozzle expansion ratio
tested. (That is, (NPR); = 5.92 for A./A; = 1.46
and (NPR)y = 7.33 for A./A; = 1.63.) Nozzle over-
expansion losses occur at NPR below design, and
nozzle underexpansion losses occur at NPR above
design. As expected for NPR above choke (NPR
> 1.89), the nozzle discharge coefficient was inde-
pendent of NPR. The measured resultant yaw vector
angle 6, was nearly independent of NPR, but the
resultant pitch vector angle é, varied up to 8° with
varying NPR. The independence of §, with NPR sug-
gests that yaw flow turning is being accomplished
in the subsonic exhaust flow upstream of the noz-
zle throat (spherical convergent-flap gimbal section)
rather than on the nozzle sidewalls downstream of the
throat where an impact on thrust performance might
occur. This effect will be discussed in more detail
in a later section of this paper. The dependence of
ép with NPR is common in nonaxisymmetric nozzles
whenever one flap is longer than the other relative
to the exhaust-flow centerline. (See ref. 33.) This
is the case for the SCF 2-D C-D nozzle of the cur-
rent investigation when geometric pitch vector angle
is not equal to zero. (See fig. 7(c).) This type of noz-
zle geometry presents expansion surfaces of unequal
length for the exhaust flow to work against, with the
result that one side of the flow is contained longer by
a solid surface (the lower divergent flap in this inves-
tigation) while the other side of the exhaust flow is
unbounded.

The separate effects of geometric thrust vector an-
gles, expansion ratio, and nozzle throat aspect ratio
on nozzle performance will be discussed in more de-
tail in later sections of this paper. However, even a
cursory examination of figures 16 to 21 indicates that
the SCF 2-D C-D multiaxis vectoring-nozzle concept
provides excellent internal performance. Measured
resultant thrust vector angles were nearly equal to
the geometric thrust vector angles for both pitch
and yaw, thus indicating highly effective flow-turning
mechanisms. Resultant thrust losses due to thrust
vectoring were small or negligible, thus indicating
very efficient flow-turning mechanisms. Peak cruise
(unvectored) nozzle performance was equal to lev-
els reported from other investigations on standard



2-D C-D nozzles that had two-dimensional (rectan-
gular) convergent-flap sections and no yaw gimbal
mechanism. (See refs. 22, 25, 27, 33, and 34.) In
short, the SCF 2-D C-D nozzle appears to be highly
competitive with other multiaxis thrust-vectoring
nozzle concepts.

Effect of geometric thrust vector angles.
The effects of geometric pitch and yaw thrust vector
angles on nozzle performance are presented in fig-
ure 22. The data in figure 22 were obtained by cross
plots of the data presented in figures 16 to 21 at the
design nozzle pressure ratio for each nozzle expansion
ratio. Thus, the plots of F./F; represent near-peak
values. (The nozzle over- and under-expansion losses
equal zero.)

Increasing the geometric yaw vector angle pro-
duced a nearly linear and directly proportional in-
crease in resultant yaw vector angle with little or
no effect on resultant thrust ratio. This result indi-
cates that a gimbal mechanism upstream of the noz-
zle throat is a very effective and efficient flow-turning
device. Increasing 6,y had little or no effect on nozzle
discharge coefficient Cy except for the highest geo-
metric yaw vector angle tested on the AR = 2.083
and 1.265 nozzle configurations. For the AR = 2.083
and 1.265 configurations, the fixed-transition section
(see fig. 7(a)) started to intrude into the nozzle throat
on the left side of the nozzle flow path (see fig. 9)
at the highest value of 6,4 tested. This intrusion
caused a reduction in actual nozzle throat area (the
geometric nozzle throat defined at 2’ = 0) and a cor-
responding decrease in Cy (defined as wy/w;, where
w; is based on the geometric throat area, as seen in
the symbols section).

Increasing §,y caused a slight increase in mea-
sured resultant pitch vector angle 8,. This increase
is an apparent increase rather than a real increase in
pitch flow-turning capability. As 8,y is increased, the
axial thrust component F is decreased because part
of the jet momentum is converted to a side-force com-
ponent Fg. Although not shown, the normal-force
component Fy remains nearly constant during this
process. Therefore, resultant pitch vector angle 6, (a
function of Fy/F) increases as the axial component
F decreases. (See the symbols section.)

Increasing geometric pitch thrust vector angle 6, p
produces large values of resultant pitch vector angle
ép that are somewhat dependent on nozzle expansion
ratio. Geometric pitch thrust vector angle had little
or no effect on peak resultant thrust ratio. These re-
sults were expected since previous investigations have
shown that divergent-flap rotation is an effective and
efficient method of providing a pitch thrust-vectoring
capability for 2-D C-D nozzles. (See ref. 22.) In-

creasing 8, p decreased nozzle discharge coefficient
C,, probably because of a sharper throat corner on
the lower divergent flap and a shifting of the actual
throat location on the upper divergent flap. Geo-
metric pitch vector angle had little or no effect on
measured resultant yaw vector angle. However, be-
cause of the decrease in F (the axial component of
thrust) that occurs as é,p increases, the actual side-
force thrust component Fg decreases with increasing
évp. Even though the resultant thrust vector an-
gles &, and 6, have apparent values that are too high
(results from definition of terms) when simultaneous
pitch and yaw thrust vectoring occur, it is still obvi-
ous that large amounts of control power (in the form
of Fy and Fg) are generated by the multiaxis thrust-
vectoring SCF 2-D C-D nozzle concept.

The effects of geometric pitch and yaw vector an-
gles on the nozzle internal static pressure distribu-
tions are presented in figure 23. Geometric yaw vec-
tor angle &, 4 had little effect on the internal static
pressure distributions except on the left sidewall near
and upstream of the throat. The left side of the noz-
zle throat plane moves into closer proximity with the
fixed transition section (see fig. 9) as d, y increases.
The absence of any effects on the static pressure dis-
tributions downstream of the throat indicates that
flow turning in the yaw plane is being accomplished
by the gimbal mechanism in the subsonic flow region
ahead of the nozzle throat. Previous studies have
shown that very low thrust losses are associated with
subsonic flow turning (refs. 6 and 22).

Increasing the geometric pitch vector angle &, p
(rotating the divergent flaps down) increased the
static pressures on the upper divergent flap (sec
fig. 23(a)) up to z'//L = 0.6 and decrcased the
static pressures on the lower divergent flap up to
z'/L = 0.3. The net result is a positive pressure
increment (produces positive Fjy) between the upper
and lower flaps up to '/L = 0.5. This static pressure
increment is very large near the geometric throat.
The actual throat (sonic line) rotates about the lower
divergent-flap wall, thus becoming inclined in the
pitch plane relative to the nozzle centerline. For the
configuration shown in figure 23, the throat (p/p; ; =
0.528) has moved from z'/L = 0 to 2'/L = 0.24
on the upper divergent flap. Although not defined
by the limited static pressure instrumentation, the
throat probably remains at z’'/L = 0 on the lower
divergent flap. This inclination of the throat plane
when 6, # 0° indicates that part of the pitch flow-
turning process occurs in the subsonic flow region
ahead of the nozzle throat. As stated previously, low
thrust losses are generally associated with subsonic
flow turning.



Increasing 6, also increased static pressures on
the nozzle sidewalls (fig. 23(b)). However, as shown
in figure 9, the sidewall does not rotate with the
divergent flaps as byp is increased, and thus the
sidewall static pressure orifices are physically closer
to the high pressures on the upper divergent flap
when &, > 0°. (See fig. 23(a) which shows the
upper-flap data for z//L < 0.6.) For the data shown
in figure 23(b), the sides of the divergent flap actually
cover the last two sidewall static pressure orifices
(both sidewalls) when 0y p = 25°, and thus these data
are not shown.

Effect of nozzle expansion ratio. Figure 24
presents the effect of nozzle expansion ratio on the
flow-turning (thrust-vectoring) capabilities of the
SCF 2-D C-D nozzle concept. Data are shown at the
design nozzle pressure ratio for each expansion ratio
Ae /Ay tested. Except for resultant pitch vector angle
when the nozzle was pitch vectored, nozzle expansion
ratio had no effect on the flow-turning capabilities
of the nozzle. During the pitch-vectoring operation,
increasing the nozzle expansion ratio increased the
resultant pitch vector angle. During positive pitch
thrust-vectoring operation, the lower divergent flap
generally has lower static pressures than the upper
divergent flap. (See fig. 23.) For this reason, the
exhaust flow tends to be forced toward the wall of
the lower divergent flap. For equal values of geo-
metric pitch vector angle, the divergence half-angle
a of the lower divergent flap is larger for higher noz-
zle expansion ratios. (See fig. 7(c).) Thus, the ex-
haust flow tends to turn through a larger turning
angle for the A./A; = 1.63 configurations than for
the Ae/A; = 1.46 configurations and results in larger
values of 6.

Effect of nozzle throat aspect ratio. The ef-
fects of nozzle throat aspect ratio AR on nozzle per-
formance and internal static pressure distributions
are presented in figures 25 and 26, respectively. Re-
sults reported in reference 27 indicate that the ef-
fect of nozzle throat aspect ratio (which varied from
1.65 to 4.40) on F;/F; and C; was small (less than
1.5 percent). Results from the current investigation
(see fig. 25) indicate a similar conclusion. Resultant
thrust ratio and discharge coefficient generally varied
less than 1 percent over the throat aspect-ratio range
of the current investigation. The slight decrease in
F,/F; as AR was decreased was probably caused by
two factors. First, the wetted area of the divergent-
flap section increased with decreasing AR (i.e., the
divergent flaps became longer as shown in fig. 7(c)).
Thus, friction losses were higher for the lower AR

8

nozzles. Second, as shown in figure 26, static pres-
sures (especially on the nozzle sidewall) tended to ex-
pand to lower values (higher exhaust velocities and
thus viscous losses) with decreasing AR, and a pres-
sure adjustment shock (with attendant losses) ap-
pears to occur on the AR = 1.265 nozzle near the
sidewall trailing edge (which does not occur on the
higher AR nozzle configurations).

Variations in Cy appear to be associated with
changes in geometry upstream of and near the nozzle
throat. Figure 26 indicates large static pressure vari-
ations with varying AR in the region of z//L from
—0.3 to 0.2. In fact, separation bubbles (indicated
by sharp compression regions near the throat) may
exist for the AR = 1.265 and 2.083 configurations.
The movement of the actual throat (the actual throat
or sonic line is located at the z'/L station where
p/pt,; = 0.528) and the existence of separation bub-
bles could result in a reduction in actual throat area
(as opposed to geometric A;) and nozzle discharge
coefficient.

In general, the effect of nozzle throat aspect ra-
tio on resultant thrust vector angles (6, and 0y) was
small. The only significant variation measured was
at Oy p = 25° for the Ac/A; = 1.46 nozzle (fig. 25(b));
for this configuration, &, decreased about 1.5° as AR
was increased from 1.265 to 2.508. Although this
amount of variation is still considered to be small, it
was an unexpected result since it was believed that
the wider divergent flaps of the higher AR configura-
tions would provide higher values of op rather than
lower values. The cause of this slight anomaly is not
currently known; however, it may be related to the
fact that divergent-flap length decreases as nozzle as-
pect ratio increases. (See fig. 7.) Thus, the higher
aspect-ratio nozzles did not have as much length in
which to turn the flow through a geometric pitch vec-
tor angle. It should be noted that divergent-flap sur-
face areas were approximately the same for all three
throat aspect ratios tested.

Conclusions

A static (no external flow) test has been con-
ducted in the static test facility of the Langley 16-
Foot Transonic Tunnel to evaluate the internal per-
formance of an axisymmetric convergent-divergent
nozzle and a nonaxisymmetric convergent-divergent
nozzle, both of which utilized a gimbal-type mecha-
nism to provide a thrust-vectoring capability in at
least one plane. The test was conducted at noz-
zle pressure ratios from 2.0 to approximately 12.0.
The results of this investigation indicate the follow-
ing conclusions:



1. A gimbal-type mechanism located upstream
of the throat of an axisymmetric or nonaxisymmet-
ric nozzle is a highly effective and efficient thrust-
vectoring device. The gimbal concepts of this inves-
tigation produced measured resultant thrust vector
angles equal to the geometric thrust vector angles
(up to 25°) with little or no loss in resultant gross
thrust.

2. Varying gimbal thrust vector angle had little
effect on the internal static pressure distributions
in the divergent section of the nozzles. This result
indicates that the gimbal concept provides a thrust-
vectoring capability by highly efficient subsonic flow
turning upstream of the nozzle throat.

3. For the nonaxisymmetric nozzle, use of
divergent-flap rotation for pitch thrust vectoring pro-
vided resultant vector angles which, although depen-
dent on nozzle pressure ratio, were nearly equal to
the geometric pitch vector angle. Also, the losses
in resultant gross thrust due to pitch vectoring were
small or negligible.

4. For the nonaxisymmetric nozzle operating at
design pressure ratio, increasing the expansion ratio
increased the resultant pitch vector angle during the
pitch thrust-vectoring operation. The effect of nozzle
expansion ratio on all other performance parameters
was small.

5. Varying the throat aspect ratio of the nonax-
isymmetric nozzle had only small effects on nozzle
performance.

NASA Langley Research Center
Hampton, VA 23665-5225
February 26, 1990
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Table 1. List of Nozzle Configurations Tested

bu.p

Nozzle type AR Ae/As by y, deg 0° 10° 20° 25°
Nonaxisymmetric 2.508 1.46 0 X X
1.46 7 X X
1.46 15 X X
1.63 0 X X
1.63 7 X X
1.63 15 X X
2.083 1.46 0 X X
7 X X
15 X X
3 20 X X

1.63 0 X X

7 X X

15 X X

J 20 X X
1.265 1.46 0 X X
1.46 15 X X
1.46 25 X X
1.63 0 X X
1.63 15 X X
1.63 25 X X
Axisymmetric 1.80 0 X X X X
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Table 3. Static Pressure Orifice Locations on Sidewalls of SCF Nonaxisymmetric Nozzle Concept

Both sidewalls
AR =2.508 AR =2.083 AR =1.265

WL, in X, in. Sta, in. x, in. Sta, in. X, in. Sta, in.
0244 43574 12060 43569 0341 43.559
488 43818 .538 43.838 0682 43,900
73 44063 87 44107 1023 44241
a7 4307 1076 44376 1.364 44,582
122 M55 | 1344 44644 1.706 44924
1466 447996 1613 44913 2047 45.265
1711 45041 182 45,182 2.388 45.606
1955 415286 2151 _45451 2.729 45947

Table 4. Static Pressure Orifice Locations on Gimballed Axisymmetric Nozzle Concept

61} = Oo 61} = 100 61_; = 200 61} == 250
P P P P
Stations for bottom row, ='/L, at—

-0.617 —0.562 —0.581 —0.547
—.493 —.448 —.455 —.429
—.369 —.342 —.328 -.310
—.055 —.055 —.055 —.055

.156 .156 .156 .156

367 367 367 .367

578 578 HT8 D78

.789 .789 .789 789
Stations for top row, ='/L, at—

—0.493 —0.569 —0.540 —0.585
-.369 —.433 -.390 —.432
—.316 -.354 —.286 -.322
—.055 —.055 —.055 —.055

.156 .156 .156 .156
367 367 367 367
.578 .578 .578 578
.789 .789 .789 .789




Table 5. Static Pressure Orifice Locations on Divergent Flaps of SCF Concept

{a) AR = 2.508
Ac/As = 1.46
Upper flap Lower flap

y/L o'/l at 8,p =0° | a'/L at §,, = 25° y/L z'/L at §,p =0° | 2'/L at §,, = 25°
0.50 0.333 0.315 0.50 0.333 0.290
.50 .667 .629 .50 667 579
0 .200 .189 0 .200 174
.400 378 .400 348
.600 .566 .600 521
.800 755 .800 .695
-.50 333 315 —.50 333 .290
—.50 .667 629 —-.50 .667 .879

A /A =163
Upper flap Lower flap

v/L a'/L at 6,, =0° | z'/L at 6,, = 25° y/L o'/L at §,p =0° | 2'/L at ,, = 25°
0.50 0.333 0.320 0.50 0.333 0.285
.50 .667 .639 .50 .667 .870
0 .200 192 0 -200 A7
.400 .383 .400 .342
.600 575 .600 513
.800 767 .800 .684
—.50 333 320 -.50 333 .285
. —.50 .667 .639 -.50 667 .570
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Table 5. Continued

(b) AR = 2.083
Ao /A = 1.46
Upper flap Lower flap

y/L z'/Lat 6, =0° | @'/L at 6, = 25° y/L z'/L at 6,, =0° | z'/L at 6, = 25°
0.50 0.333 0.315 0.50 0.333 0.290
.50 667 .629 .50 .667 .579
0 .200 .189 0 .200 174
.400 378 .400 348
.600 .566 .600 521
.800 785 .800 .695
-.50 333 315 —-.50 333 .290
—.50 667 .629 -.50 667 .879

A.[A; =1.63
Upper flap Lower flap

y/L z'[L at 6,5, =0° | 2'/L at &, = 20° y/L z' /L at b, =0° | 2'/L at 6,, = 20°
0.50 0.333 0.327 0.50 0.333 0.299
.50 .667 .654 .80 .667 .599
0 .200 197 0 .200 180
.400 .392 .400 359
.600 .589 .600 .539
.800 785 .800 718
—-.50 333 327 —-.50 333 .299
—.50 667 .654 -.50 .667 .599
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Table 5. Concluded

(c) AR = 1.265
Ac /A =146
Upper flap Lower flap

y/L z'/L at 6,, =0° | z'/L at §,p = 25° y/L '/Lat b,,=0° | z'/L at §,, = 25°
0.50 0.333 0.315 0.50 0.333 0.289
.50 667 .629 .50 .667 579
0 .200 .189 0 .200 174
.400 378 .400 .347
.600 .567 .600 .521
.800 756 .800 .695
—-.50 .333 315 ~.50 .333 .289
-.50 .667 .630 —.50 .667 579

A¢ /A =1.63
Upper flap Lower flap

y/L z'/L at b, =0° | z'/L at §,p = 25° y/L z'/L at 6,5 =0° | o'/L at &, = 25°
0.50 0.333 0.319 0.50 0.333 0.285
.50 .667 .639 .50 667 570
0 .200 191 0 .200 171
400 .383 .400 .342
.600 575 .600 .512
.800 767 .800 .683
—.50 333 319 —-.50 .333 .285
—.50 .667 .639 —.50 .667 .570
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Table 6. Static Pressure Orifice Locations on Sides of SCF Concept

AR = 2.508 AR = 2.083 AR = 1.265
Values of =’ /L at— Values of =/ /L at— Values of £'/L at—
A A =146 | AcjAr=163 | AJAr=146 | Ac/Ar=163 | Ac/Ar=146 | Ac/Ay=163

—0.430 —0.431 —0.382 —0.383 —0.282 —0.283
—.318 -.319 —.281 —.282 —.194 —.195
—.207 —.207 —.179 —.180 —.106 —.106
—.095 —.095 —.078 —.078 —.018 —.018
.080 .080 .080 .081 .080 .081
.160 .161 .161 .161 .160 161
.240 241 241 .242 241 .242
320 321 321 .322 321 322
.401 402 401 403 .401 1403
481 .482 481 .483 .482 .483
.561 .063 .562 .564 .562 .564
.641 .643 .642 .644 .642 .644

19




s

b b b

Table 7. Nozzle Internal Static Pressure Ratios p/ pt,j for Gimballed Axi. Nozzle

(a) 6yp =0°

Xx'/L, top row

NPR -0.493 -0.369 -0.316 -0.055 0.156 0.367 0.578 0.
. 0.980 0.983 0.980 0.906 0.337 0.212 0.358 0.
28%:12 0.988 0.951 0.972 0.902 0.334 0.196 0.188 0.
5.997 0.990 0.962 0.978 0.902 0.333 0.195 0.182 0.
6.999 0.989 0.973 0.980 0.902 0.333 0.195 0.178 0.
8.010 0.991 0.979 0.985 0.902 0.333 0.194 0.180 0.
8.996 0.992 0.985 0.987 0.901 0.332 0.194 0.184 0.
9.901 0.992 0.983 0.986 0. 0.332 0.194 0.184 0.
1.007 0.992 0.981 0.987 0.901 0.332 0.194 0.182 0.
1.495 0.992 0.977 0.987 0.901 0.332 0.194 0.174 0.
x‘/L, bottom row
NPR -0.617 -0.493 -0.369 -0.055 0.156 0.367 0.789
. 0.997 0.994 0.995 0.908 0.343 0.221 0.425
zgﬁ 0.995 0.994 0.994 0.908 0.338 0.195 0.137
5.997 0.994 0.994 0.994 0.907 0.337 0.193 0.136
6.999 0.994 0.994 0.994 0.906 0.337 0.192 0.135
8.010 0.994 0.994 0.994 0.906 0.337 0.192 0.135
8.996 0.994 0.994 0.994 0.906 0.338 0.191 0.135
9.901 0.994 0.994 0.994 0.906 0.338 0.191 0.135
.007 0.994 0.994 0.994 0.906 0.338 0.190 0.134
495 0.993 0.993 0.99% 0.506 0.337 0.1%0 0.134
(b) yp = 10°
x’'/L, top row
NPR -0.569 -0.433 -0.354 -0.055 0.156 0.367 0.578 0.789
1.990 1.000 0.955 0.973 0.906 0.326 0.216 0.360 0.431
4,009 0.985 0.952 0.966 0.905 0.324 0.196 0.182 0.137
6.009 0.990 0.972 0.980 0.904 0.324 0.195 0.179 0.135
7.095 0.990 0.963 0.978 0.903 0.324 0.195 0.174 0.135
8.010 0.992 0.976 0.982 0.903 0.324 0.195 0.170 0.135
9.005 0.991 0.976 0.982 0.903 0.325 0.194 0.175 134
9.943 0.992 0.974 0.982 0.903 0.324 0.195 0.162 0.135
1.031 0.993 0.976 0.985 0.902 0.324 0.195 0.159 0.135
1.487 0.993 0.980 0.988 0.903 0.325 0.194 0.167 0.134
1.544 0.993 0.978 0.986 0.902 0.324 0.195 0.158 0.134
x’/L, bottom row
NPR -0.562 -0.448 -0.342 -0.055 0.156 0.367 0.789
1.990 0.992 0.992 0.992 0.905 0.338 0.227 0.433
4.009 0.992 0.9% 0.994 0.906 0.334 0.194 0.137
6.009 0.991 0.993 0.99 0.905 0.334 0.193 0.136
7.095 0.991 0.993 0.995 0.906 0.334 0.192 0.136
8.010 0.992 0.993 0.994 0.905 0.333 0.191 0.135
9.005 0.991 0.993 0.994 0.905 0.335 0.191 0.135
9.943 0.991 0.993 0.994 0.905 0.333 0.191 0.135
11.031 0.991 0.993 0.995 0.905 0.333 0.190 0.135
11.487 0.991 0.992 0.995 0.905 0.334 0.190 0.135
11.544 0.991 0.992 0.995 0.905 0.333 0.189 0.135
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Table 7. Concluded

(C) 61)4) = 200

x'/L, top row

286 -0.055 0.
995 0.910 0.
995 0.906 0.
995 0.906 0.
995 0.905 0.
994 0.905 0.
994 0.905 0.
993 0.905 0.
993 0.905 0.
992 0.904 0.

x’/L, bottom row
328 -0.055 0
992 0.905 0
992 0.905 0]
992 0.904 0
993 0.904 0
993 0.904 0
993 0.904 0
993 0.904 0
993 0.904 0
993 0.903 0

(d) &yp = 25°

-0.322 -0.055 0
0.995 0.912 0.
0.99%6 0.907 0.
0.996 0.907 0.
0.996 0.906 0.
0.995 0.906 0.
0.995 0.905 0.
0.995 0.905 0.
0.99% 0.905 0.

-0.310 -0.055 0.

.156

(34

LHD LI LI

RIRIRIRIFSRIRS
BNIDO bbb b= b= b L1

COOOOOOOO O
[lelelelalelelele RN e

[elolelelolelelele RN el

SOOO0000
©0000000
-



Table 8. Nozzle Internal Static Pressure Ratios p/p; j for SCF 2-D C-D Nozzle
at AR = 2.508, Ae/At = 1.46, 61)’1) = Oo, a.nd 61),1/ = Oo

(a) Sidewall internal static pressure ratios

x’/L, left side

NPR -0.318 -0.207 -0.095 0.080 0.160 0.240 0.320 0.401 0.481 0.561
2.002 0.935 0.823 0.779 0.513 0.392 0.374 0.330 0.286 440 0.461
4.004 0.937 0.822 0.780 0.513 0.388 0.371 0.330 0.284 0Q.246 0.213
5.007 0.937 0.823 0.781 0.513 0.387 0.371 0.330 0.284 0Q.245 0.212
5.894 0.937 0.824 0.780 0.513 0.387 0.371 0.329 0.28% 0.244 0.211
7.015 0.937 0.824 0.780 0.513 0.387 0.371 0.330 0.283 0.243 0.210
9.018 0.93¢ 0.824 0.780 0.513 0.387 0.371 0.327 0.283 0.241 0.210

11.130 0.935 0.824 0.781 0.513 0.387 0.373 0.326 0.282 0.242 0.211
x’'/L, right side

NPR -0.318 -0.207 -0.095 0.080 0.160 0.240 0.320 0.401 0.481 0.561
2.002 0.918 0.808 0.696 0.507 0.425 0.378 0.330 0.291 0.454 Q.466
4.006 0.920 0.804 0.690 0.506 0.420 0.372 0.328 0.282 0Q.247 0.216
5.007 0.921 0.804 0.689 0.506 0.420 0.370 0.327 0.281 0.246 0.215
5.894 0.920 0.803 0.687 0.506 0.420 0.369 0.327 0.280 0.246 0.215
7.015 0.920 0.802 0.686 0.506 0.420 0.368 0.327 0.280 Q.245 0.214
9.018 0.92 0.802 0.685 0.506 0.420 0.368 0.327 0.279 0.243 0.212

11.130 0.919 0.802 0.684 0.5 0.419 0.370 0.329 0.279 0.246 0.212
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2
x'/L x'/L x’/L

NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333
2.002 0.281 0.477 0.266 0.267 0.452 0.516 0.282
4.004 0.276 185 0.258 0.263 0.173 0.232 0.278
5.007 0.275 0.185 0.258 0.262 0.172 0.231 0.277
5.894 0.274 0.184 0.259 0.262 0.171 0.231 0.275
7.015 0.273 0.184 0.263 0.261 0.170 0.230 0.274
9.018 0.272 0.184 0.273 0.261 0.169 0.229 0.274
11.130 0.274 0.184 0.266 0.262 0.169 0.230 0.273

Lower flap
y/wt/2 = -0.50 y/vt/2 = 0.00 y/wt/2 =
x//L x’/L x’/L

NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333
2.002 0.280 0.485 0.367 0.265 0.425 0.510 0.284
4.004 0.276 0.194 0.349 0.254 0.205 0.234 0.279
5.007 0.275 0.193 0.349 0.254 0.205 0.233 0.278
5.89%4 0.275 0.193 0.349 0.253 0.205 0.233 0.278
7.015 0.274 0.192 0.349 0.252 0.205 0.233 0.278
9.018 0.274 0.192 0.350 0.250 0.203 0.233 0.279
11.130 0.275 0.192 0.342 0.251 0.202 0.233 0.281
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Table 9. Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle
at AR = 2.508, A¢/A; = 1.46, 8,5, = 0°, and 6y y = 7°

(a) Sidewall internal static pressure ratios

x'/L, left side

[elelelelelele]
[YolVol¥el

.318 -0.207 -0.095 0.080 0.160 0.240 0.320 0.401 0.481 0.561 O
940 0.815 0.778 0.512 0.391 0.371 0.328 0.286 0.440 Q.460 O
941 0.821 0.779 0.512 0.386 0.367 0.328 0.283 0.245 0.212 O
941 0.820 0.779 0.512 0.386 0.368 0.328 0.283 0.244 0.211 O
0.820 0.778 0.512 0.386 0.368 0.327 0.283 0.243 0.210 O
941 0.821 0.779 0.512 0.285 0.368 0.328 0.282 0.241 0.210 O
0.821 0.779 0.512 0.385 0.368 0.325 0.282 0.240 0.210 O
939 0.822 0.779 0.512 0.385 0.369 0.323 0.281 0.241 0.210 O
x'/L, right side
430 -0.318 -0.207 -0.095 0.080 0.160 0.240 0.320 0.401 0.481 O.
967 0.923 0.812 0.700 0.509 0.427 0.382 0.332 0.288 0Q.452 Q.
969 0.922 0.806 0.692 0.508 0.422 0.373 0.329 0.282 0Q.247 Q.
969 0.921 0.805 0.690 0.507 0.421 0.372 0.328 0.282 0.247 Q.
969 0.921 0.805 0.689 0.508 0.421 0.372 0.328 0.281 0.246 Q.
970 0.921 0.80 .688 0.507 0.421 0.370 0.328 0.280 0.246 Q.
970 0.921 0.804 0.687 0.507 0.421 0.370 0.328 0.280 Q.244 Q.
971 0.920 0.804 0.686 0.507 0.421 0.372 0.330 0.280 0.245 O.
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.
x//L x'/L x'/L
0.333 0.667 0.200 0.400 0.600 0.800 0.333
0.281 0.472 0.267 0.266 0.447 0.514 0.283
0.275 0.184 0.259 0.263 0.173 0.232 0.278
0.274 0.183 0.259 0.262 0.172 0.231 0.277
0.273 0.183 0.260 0.262 0.171 0.231 0.275
0.272 0.183 0.263 0.261 0.170 0.231 0.275
0.271 0.183 0.273 0.261 0.169 0.230 0.274
0.273 0.183 0.267 0.262 0.169 0.230 0.273
Lover flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2
x'/L x"/L x'/L
0.333 0.667 0.200 0.400 0.600 0.800 0.333
0.279 0.485 0.368 0.261 0.423 0.508 0.285
0.275 0.193 0.3 0.254 0.205 0.234 0.281
0.274 0.193 0.347 0.253 0.205 0.233 0.280
0.274 0.192 0.347 0.252 0.206 0.233 0.280
0.273 0.192 0.347 0.252 0.205 0.233 0.279
0.273 0.191 0.3 0.250 0.203 0.233 0.281
0.273 0.191 0.341 0.250 0.202 0.233 0.282
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Table 10. Nozzle Internal Static Pressure Ratios p/ pt,j for SCF 2-D C-D Nozzle
at AR = 2.508, A./A; = 1.46, 6, p = 0°, and &,y = 15°

(a) Sidewall internal static pressure ratios

x’'/L, left side

-0.207 -0.095 0.080 0.160 0.240 0.320 0.401 0.481 0.561 0.641
0.797 0.770 0.509 0.403 0.370 0.326 0.284 0.436 0.456 0.468
0.804 .770  0.507 0.398 0.3 0.325 0.281 Q.24 0.211 0.187
0.803 0.770 0.507 396 0.368 0.325 0.281 0.242 0.211 0.185
0.804 0.770 0.507 0.395 0.368 0.324 0.280 0Q.241 0.210 0.184
0.804 0.769 0.506 0.395 0.368 0.325 0.280 0.240 0.209 0.183
0.806 0.769 0.306 0.396 0.368 0.322 0.279 0.239 0.209 0.182
0.805 0.768 0.506 0.395 0.369 0.321 0.279 0.240 0.209 0.182

-0.430 -0.318 -0.207 -0.095 0.080 0.160 0.240 0.320 0.401 0.481 0.561
0.968 0.926 0.816 0.701 0.512 0.429 0.383 0.334 0.288 0.449 0.463
0.971 0.925 0.811 0.693 0.509 0Q.425 0.374 0.331 0.284 0.248 0.217
0.971 0.924 0.809 0.693 0.509 0.425 0.373 0.330 0.283 0.247 0.216
0.971 0.924 0.809 0.691 0.510 0.425 0.372 0.330 0.282 0.247 0.215
0.971 0.923 0.809 0.690 0.509 0.425 0Q.371 0.329 0.281 0.246 0.214
0.972 0.923 0.808 0.689 0.509 0.424 0.372 0.330 0.280 0.244 0.213
0.972 0.923 0.809 0.688 0.509 0.424 0.373 0.331 0.281 0.245 0.213

(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.
x'/L x’/L x'/L

NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333 0.

016 0.280 0.468 0.265 0.265 0.443 0.512 0.284 0.

004 0.274 0.183 0.257 0.262 0.172 0.231 0.279 0.

.997 0.273 0.182 0.256 0.262 0.171 0.231 0.277 0.
.906 0.272 0.182 0.257 0.261 0.170 0.230 0.276 0.
.029 0.272 0.182 0.260 0.261 0.169 0.230 0.275 0.
017 0.271 0.182 0.270 0.261 0.168 0.229 0.274 0.
155 0.272 0.181 0.263 0.262 0.169 0.229 0.274 0.
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.
x'/L x'/L x'/L

NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333 0.

016 0.280 0.478 0.366 0.259 0.422 0.505 0.284 0.

004 0.276 0.192 5 0.255 2 0.232 0.2 0.

997 0.274 0.192 0.343 0.254 0.207 0.232 0.279 0.

906 0.274 0.191 0.343 0.254 0.207 0.232 0.279 0.

029 0.273 0.191 0.342 0.253 0.207 0.231 0.279 0.

017 0.273 0.190 0.344 0.251 0.204 0.231 0.280 0.

155 0.273 0.191 0.338 0.251 0.204 0.231 0.281 0.
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Table 11. Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle
at AR = 2-508’ Ae/At = 1.46, 61}11) = 250’ and 6v,y = 00

(a) Sidewall internal static pressure ratios

x'/L, left side

NPR -0.318 -0.207 -0.095 0.080 0.160 0.240 0.320 0.401 0.481
2.011 0.943 0.860 0.844 0.685 0.598 0.523 0.463 0.418 0.377
3.998 0.943 0.865 0.840 0.676 0.579 0.492 0.412 0.342 0.280
5.001 0.942 0.866 0.839 0.675 0.579 0.492 0.412 0.342 0.280
5.911 0.943 0.867 0.839 0.676 0.579 0.492 0.413 0.342 0.279
7.003 0.942 0.868 0.839 0.676 0.579 0.492 0.413 0.341 0.279
9.003 0.942 0.868 0.839 0.676 0.579 0.493 0.413 0.341 0.278

11.705 0.%40 0.868 0.839 0.677 0.579 0.493 0.414 0.342 0.278
x’/L, right side

NPR -0.318 -0.207 -0.095 0.080 0.160 0.240 0.320 0.401 0.481
2.011 0.938 0.866 0.802 0.687 0.607 0.526 0.471 0.413 0.383
3.998 0.938 0.859 0.791 0.675 0.38 0.481 0.414 0.339 0.291
5.001 0.937 0.858 0.789 0.675 0.584 0.480 0.413 0.339 0.289
5.911 0.933 0.858 0.789 0.674 0.584 0.479 0.414 0.338 0.289
7.003 0.937 0.857 0.788 0.675 0.383 0.479 0.414 0.337 0.287
9.003 0.937 0.857 0.787 0.674 0.38 0.479 0.414 0.337 0.286

11.705 0.937 0.857 0.787 0.674 0.583 0.479 0.415 0.338 0.285
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.
x'/L x’/L x'/L

0.315 0.629 0.189 0.378 0.566 0.755 0.315

0.504 0.304 0.639 0.443 0.315 0. 0.507

0.457 0.187 0.607 0.368 0.217 0.137 0.457

0.458 0.186 0.605 0.367 0.216 0.136 0.455

0.458 0.186 0.605 0.366 0.215 0.136 0.454

0.439 0.185 0.605 0.366 0.215 0.135 0.454

0.459 0.185 0.605 0.367 0.215 0.135 0.454

0.459 0.185 0.604 0.368 0.215 0.135 0.454

Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 =
x’/L x'/L x’/L

0.290 0.579 0.174 0.348 0.521 0.695 0.290

0.356 0.412 0.359 0.353 0.385 0.418 0.357

0.282 0.244 0.130 0.295 0.284 0.220 0.289

0.281 0.244 0.128 0.296 0.283 0.219 0.288

0.280 0.244 0.127 0.297 0.283 0.219 0.287

0.279 0.244 0.125 0.297 0.283 0.219 0.286

0.278 0.243 0.126 0.295 0.282 0.219 0.286

0.277 0.243 0.127 0.292 0.282 0.219 0.286
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Table 12. Nozzle Internal Static Pressure Ratios p/py,;j for SCF 2-D C-D Nozzle
a:t AR = 2.508, Ae/At - 1.46, 6vvp = 250, a.l'ld 6v,y = 70

(a) Sidewall internal static pressure ratios

x'/L, left side

. 0
2.017 0.951 0.862 0Q.843 0.685 0.395 0.520 Q 0.417 0.378
998 0.952 0.863 0.838 0.675 0.578 0.491 0.411 0.342 0.2
5.012 0.951 0.863 0.838 0.675 0.578 0.491 0.411 0.342 0.279
5.910 0.951 0.85 0.838 0.675 0.578 0.491 0.411 0.342 0.279
7.017 .951 0.866 0.838 0.675 0.578 0Q.491 0.411 0.341 0.279
9 0.950 0.867 0.837 0.675 0.578 0.492 0.412 0.341 0.278
11.635 0.949 0.867 0.837 0.676 0.5/78 0.492 0.413 0.342 0.278

NPR -0.430 -0.318 -0.207 -0.095 0.080 0.160 0.240 0.320 0.401 0.481
2.017 0.974 0.939 0.867 .804 0.689 0.608 0.327 0.471 0Q.412 0.381
0.975 .938 0.860 0.793 0.676 0.385 0.482 0.415 0.340 0.29

5.012 0.975 0.938 0.860 0.791 0.676 0.585 0.481 Q.414 0.339 0.289
5.910 0.976 0.938 0.859 0.790 0.676 0.585 0.480 0.415 0.338 0.288
7 0.976 0.938 0.859 0.790 0.676 0.584 0.479 0.415 0.338 0.287
9.006 977 0.938 0.839 0.789 0.676 0.585 0.479 0.415 0.338 0.286
11.635 0.977 0.937 859 0.789 0.675 0.584 0.480 0.416 0.338 0.285

(b) Divergent-flap internal static pressure ratios

Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x’'/L x'/L x’'/L
NPR 0.315 0.629 0.189 0.378 0.566 0.755 0.315 0.629
017 0.503 0.302 0.638 442 0.314 0.405 .
998 0.457 0.186 0.606 0.367 0.217 0.137 0.2(5)2 g%gg
012 0.458 0.185 0.605 0.367 0.216 0.136 0.455 0.185
910 0.458 0.185 0.605 0.366 0.216 0.136 0.454 0.184
017 0.458 0.185 0.604 0.366 0.215 0.135 0.454 0.184
006 0.459 0.185 0.604 0.367 0.215 0.135 0.454 0.184
635 0.459 0.185 0.604 0.368 0.215 0.135 0.454 0.184
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x’'/L x'/L

NPR 0.290 0.579 0.174 0.348 0.521 0.695 0.290 0.579
.017 3 0.411 7 0.352 0. 0.417 0.357

.998 0.281 0.2 0.129 0.295 0.284 0.220 0.289 8 gll‘g
012 2 0.244 0.127 0.297 0.284 0.220 0.2 0.245
.910 0.279 0.244 0 0.297 0.2 0.219 0.287 0.245
.017 0.278 0.244 0.126 0.297 0.283 0.219 0.287 0.245
.006 0.277 0.243 0.126 0.294 0.282 0.219 0.287 0.2
635 0 0.243 0.128 0.291 0.282 0.219 0.2 0.244
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Table 13. Nozzle Internal Static Pressure Ratios p/p; j for SCF 2-D C-D Nozzle
at AR = 2.508, Ac/A; = 1.46, 6y p = 25°, and by y = 15°
(a) Sidewall internal static pressure ratios
x'/L, left side

NPR -0.207 -0.095 0.080 0.160 0.240 0.320 0.401 0.481

.997 0.864 0.839 0.684 0.596 0.524 0.466 0.422 0.381
.019 0.850 0.834 0.675 0.579 0.491 0.411 0.343 0.280
998 0.852 0.834 0.675 0.579 0.491 0.411 0.342 0.279
924 0.851 0.834 0.676 0.579 0.492 0.412 0.342 0.280
014 0.852 0.83 0.676 0.579 0.491 0.412 0.342 0.279
014 0.852 0.833 0.676 0.579 0.492 0.412 0.342 0.279
664 0.852 0.833 0.676 0.579 0.493 0.413 0.342 0.278

O~ R
IR

x’/L, right side

O~ E B

NPR -0.430 -0.318 -0.207 -0.095 0.080 0.160 0.240 0.320 0.401 0.481
997 0.979 0.942 0.871 0.806 0.689 0.608 0.527 0.472 0.414 0.385
019 0.977 0.941 0.8 0.794 0.678 0.586 0.482 0.415 0.340 0.2
998 0.977 0.940 0.862 0.793 0.678 0.586 0.481 0.415 0.339 0.289
924 0.977 0.940 0.862 0.792 0.677 0.586 0.480 0.415 0.338 0.289
014 0.978 0.940 0.861 0.791 0.677 0.986 0.480 0.415 0.338 0.287
014 0.978 0.9 0.86 0.790 0.677 0.585 0.480 0.416 0.337 0.286
664 0.978 0.939 0.861 0.790 0.676 0.585 0.480 0.416 0.338 0.285
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.
x'/L x'/L x'/L
0.315 0.629 0.189 0.378 0.566 0.755 0.315
0.504 0.307 0.640 0.444 0.318 0.417 0.508
0.457 0.186 0.606 0.368 0.216 0.137 0.457
0.457 0.186 0.605 0.366 0.215 0.136 0.456
0.457 0.185 0.604 0.366 0.214 0.136 0.455
0.458 0.185 0.604 0.366 0.214 0.135 0.455
0.458 0.184 0.603 0.367 0.214 0.135 0.455
0.458 0.184 0.603 0.367 0.215 0.134 0.455
Lover flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 =
x'/L x'/L x’/L
0.290 0.579 0.174 0.348 0.521 0.695 0.290
0.358 0.414 0.362 0.356 0.387 0.421 0.363
0.282 0.244 0.129 0.292 0.285 0.220 0.289
0.281 0.243 0.127 0.294 0.284 0.219 0.287
0.280 0.243 0.126 0.295 0.284 0.219 0.286
0.279 0.243 0.124 0.296 0.284 0.219 0.286
0.277 0.243 0.124 0.294 0.283 0.219 0.286
0.277 0.243 0.125 0.291 0.282 0.219 0.285
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Table 14. Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle
at AR = 2.508, Ac/A; = 1.63, 6, = 0°, and 6, = 0°

(a) Sidewall internal static pressure ratios

x'/L, left side

NPR -0.319 -0.207 -0.095 0.080 0.161 0.241 0.321 0.402 0.482 0.563
2.007 0.935 0.819 0.779 0.505 0.359 0.324 0.303 0.317 446 0.458
4,009 0.937 0.820 0.779 0.507 0.358 0.317 0.302 0.263 0.226 0.19
6.006 0.937 0.822 0.779 0.508 0.360 0.316 0.302 0.262 0.225 0.192
7.307 0.937 0.822 0.780 0.508 0.359 0.315 0.302 0.262 0.225 0.191
8.020 0.936 0.821 0.779 0.507 0.359 0.316 0.301 0.262 0.224 0.190

10.000 0.935 0.823 0.780 0.508 0.360 0.314 0.302 0.261 0.224 0.19%
11.291 0.935 0.823 0.780 0.507 0.360 0.314 0.301 0.261 0.226 0.19
'/L, right side

NPR -0.319 -0.207 -0.095 0.080 0.161 0.241 0.321 0.402 0.482 0.563
2.007 0.919 0.810 0.693 0.499 0.389 0.348 0.306 0.426 (.463 0.469
4.009 0.920 0.805 0.685 0.497 0.387 0.339 0.303 0.260 (C.224 0.196
6. 0.920 0.803 0.683 0.498 0.386 0.336 0.301 0.258 (.223 0.194
7.307 0.920 0.803 0.682 0.497 0.385 0.336 0.300 0.258 0.222 0.192
8.020 0.919 0.802 0.681 0.497 0.385 0.337 0.300 0.257 0.222 0.191

10.000 0.919 0.802 0.681 0.497 0.385 0.337 0.301 0.258 0.222 0.191
11.291 0.919 0.802 0.681 0.497 0.384 0.337 0.301 0.258 0.222 0.191

(b) Divergent-flap internal static pressure ratios

Upper flap

y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 =

x'/L x’/L x'/L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333
2.007 0.269 0.499 0.239 0.301 0.463 0.513 0.271
4.009 0.264 0.157 0.229 0.250 0.169 0.217 0.268
6.006 0.262 0.156 0.228 0.249 0.168 0.215 0.267
7.307 0.261 0.157 0.231 0.249 0.167 0.214 0.266
8.020 0.261 0.156 0.232 0.249 0.167 0.214 0.265
10.000 0.262 0.156 0.230 0.248 0.167 0.213 0.266
11.291 0.263 0.155 0.228 0.248 0.167 0.213 0.266

Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2

x'/L x’/L x’/L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333
2.007 0.260 0.473 0.318 0.340 0.435 0.501 0.258
4.009 0.257 0.172 0.310 0.238 0.162 0.225 0.256
6.006 0.256 0.170 0.308 0.237 0.162 0.225 0.255
7.307 0.256 0.171 0.308 0.236 0.161 0.225 0.255
8.020 0.255 0.170 0.309 0.236 0.161 0.225 0.255
10.000 0.255 0.170 0.305 0.236 0.161 0.224 0.255
11.291 0.256 0.170 0.304 0.236 0.161 0.223 0.255

= 0.
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Table 15. Nozzle Internal Static Pressure Ratios p/py ; for SCF 2-D C-D Nozzle
at AR = 2.508, Ag/A; = 1.63, 6,p = 0°, and by = 7°

(a) Sidewall internal static pressure ratios

000000 ©

o000000 O
EBEE

g0 8

w

&322 2
U~

x'/L, left side

0.161 0.241 0.321
0.357 0.321 0.301
0.357 0.316 0.300
0.358 0.314 0.300
0.358 0.313 0.300
0.358 0.312 0.300
0.358 0.313 0.300
0.3%8 0.312 0.300

x'/L, right side

0.080 0.161 0.241

0.301 0.392 0.349
0.499 0.389 0.340

0.499 0.387 0.338
0.499 0.386 0.338
0.499 0.386 0.338
Q.49 0.385 0.338
0.499 0.385 0.338

0.319 0.442
0.261 0.225
0.260 0.224

o000
uNgN
AN

(b) Divergent-flap internal static pressure ratios

y/wt/2 = -0.50
x’'/L

y/wt/2 = -0.50

Upper flap
y/wt/2 = 0.00
x'/L

Q.
0.235 0.249 0.167
0.235 0.249 0.167
0.230 0.2 0.167
0.228 0.248 0.167
Lower flap
y/wt/2 = 0.00
x’'/L

0.200 0.400 0.600
0.316 0.330 0.428
0.309 238 0.162
0.309 0.237 0.162
0.309 0.236 0.161
0.309 0.236 0.161
0.306 0.236 0.161
0.304 0.236 0.161

0.563 0.643
0.452 0.462
0.192 0.167
0.190 0.166
0.189 0.166
0.189 0.165
0.189 0Q.165
0.189 0.165
0.482 0.563 0.643
0.458 0.465 0.472
0.225 0.196 0.171
0.223 0.193 0.169
0.223 0.192 0.167
0.223 0.191 0.167
0.222 0.191 0.167
0.2 0.192 0.167
y/wt/2 = 0.50
x' /L
0.333 0.667
0.272 0.511
0.269 0.160
0.267 0.160
0.267 160
0.266 160

y/wt/2 = 0.50
x'/L
0.333 0.667
0.258 0.509
0.256 0.171
0.256 0.169
0.255 0.168
0.256 0.168
0.256 0.168
0.256 0.168
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Table 16. Nozzle Internal Static Pressure Ratios p/p;, j for SCF 2-D C-D Nozzle
at AR = 2.508, A¢/Ar = 1.63, 8,5 = 0°, and 6, 5 = 15°
(a) Sidewalt internal static pressure ratios

x'/L, left side

NPR -0.207 -0.095 0.080 0.161 0.241 0.321 0.402 0.482 0.563 0.643

003 0.809 0.769 0.498 0.357 0.330 0.299 0.356 443 0.458  0.469
009 0.802 0.768 0.499 356 0.3 0.298 0.259 0.223 0.191 0.167
008 0.803 0.768 0.499 0.35% 0.323 0.299 0.258 0.222 (.18 0.165
313 0.803 0.767 0.4 0.356 0.324 0.299 0.257 0.221 0.188 0.164
.002 0.804 0.767 0.498 0.356 0.324 0.298 0.257 0.221 0.187 0.164
.996 0.804 0.767 0.499 0.357 0.325 0.298 7 0.221 0.187 0.163
3500 0.804 0.766 0.498 0.357 0.325 0.297 0.257 0.220 0.187 0.163
x’/L, right side
NPR -0.431 -0.319 -0.207 -0.095 0.080 0.161 0.241 0.321 0.402 0.482 O
003 0.971 0.923 0.817 0.696 0.502 0.390 0.348 0.310 0.411 0.461 O
009 0.971 0.923 0.812 0.690 0.501 0.387 0.339 0.306 0.262 0.225 0
008 0.971 0.924 0.811 0.687 0.501 0.387 0.338 0.305 0.261 0.224 O
313 0.971 0.923 0.810 0.687 0.501 0.385 0.337 0.305 0.260 0.223 0
002 0.971 0.92 0.810 0.686 0.501 0.386 0.338 0.305 0.260 0.223 0
996 0.972 0.92 0.809 0.685 0.501 0.384 0.338 0.305 0.259 0.223 0
300 0.972 0.923 0.809 0.685 0.501 0.384 0.338 0.306 0.260 0.224 O
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2
x'/L x'/L x'/L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333
2.003 0.266 0.486 0.238 0.295 0.460 0.513 0.272
4.009 0.263 0.155 0.229 0.249 0.168 0.218 0.269
6.008 0.261 0.155 0.228 0.249 0.167 0.217 0.268
7.313 0.260 0.155 0.231 0.249 0.167 0.217 0.266
8.002 0.260 0.155 0.233 0.250 0.166 0.217 0.266
9.996 0.260 0.155 0.233 0.250 0.166 0.216 0.267
11.500 0.261 0.154 0.228 0.249 0.167 0.216 0.267
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2
x'/L x'/L x'/L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333
2.003 0.258 0.469 0.309 0.335 0.430 0.499 0.257
4.009 0.255 0.169 0.305 0.238 0.162 0.228 0.256
6.008 0.254 0.169 0.304 0.237 0.161 0.228 0.255
7.313 0.254 0.168 0.303 0.237 0.161 0.229 0.255
8.002 0.254 0.167 0.303 0.237 0.161 0.230 0.255
9.996 0.254 0.167 0.303 0.237 0.161 0.230 0.255
11.500 0.254 0.167 0.301 0.237 0.161 0.228 0.255
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Table 17. Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle
at AR = 2.508, Ae/At = 1.63, 6"_}’1) = 250, and 61)’y = OO

(a) Sidewall internal static pressure ratios

x’/L, left side

NPR -0.319 -0.207 -0.095 0.080 0.161 0.241 0.321 0.402 0.482 0.563
2.006 0.944 0.860 0.838 0.672 0.591 0.524 0.467 0.420 0.378 0.346
.008 0.944 0.860 0.832 0.657 0.563 0.476 0.400 0.334 0.274 0.224
6.001 0.944 0.86 0.832 0.658 0.563 0.477 0. 0.333 0.273 0.224
300 0.944 0.86 0.831 0.657 0.562 0.477 0.401 0.333 0.273 0.223
004 0.944 0.862 0.832 0.657 0.563 0.478 0.401 0Q.333 0.273 0.223
-996 0.942 0.862 0.831 0.657 0.562 0.478 0.401 0.333 0.273 0.222
.601  0.942 0.862 0.831 0.657 0.562 0.478 0.402 0.334 0.273 0.222

NPR -0.319 -0.207 -0.095 0.080 0.161 0.241 0.321 0.402 0.482 0.563
006 0.938 0.859 0.792 0.682 0.602 0.526 0.472 0.416 0.379 0.352

0.934 0.849 0.776 0.663 0.566 0.467 0.400 0.331 0.277 0.229
001 0.934 0.849 0.775 0.663 0.566 0.466 0.400 0.330 0.276 0.228
300 0.935 0.848 0.773 0.663 0.56> 0.465 0.401 0.330 0.275 0.228

0.934 0.847 0.773 0.663 0.565 0.465 0.401 0.329 0.275 0.227
996 0.934 0.847 0.772 0.663 0.365 0.464 0.401 0.330 0.275 0.227
601 0.933 0.8 0.773 0.663 0.564 0.465 0.402 0.330 0.275 0.227

(b) Divergent-flap internal static pressure ratios

Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = Q.
x’/L x'/L x'/L
0.320 0.639 0.192 0.383 0.575 0.767 0.320 0.
0.510 0.318 0.642 0.459 0.341 0.395 0.515 0.
0.448 0.183 0.598 0.368 0.216 0.138 0.452 0.
0.449 0.183 0.596 0.368 0.214 0.137 0.452 0.
0.449 0.183 0.595 0.368 0.214 0.137 0.453 Q.
0.450 0.183 0.59 0.368 0.214 0.137 0.453 0.
0.450 0.182 0.595 0.369 0.214 0.136 0.453 0.
0.450 0.182 0.595 0.370 0.214 0.136 0.453 0.
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.
x'/L x’/L x'/L
0.285 0.570 0.171 0.342 0.513 0.684 0.285 0.
0.362 0.422 0.381 0.363 0.375 0.416 0.367 Q.
0.228 0.208 0.092 0.227 0.250 0.201 0.235 0.
0.226 0.208 0.088 0.230 0.250 0.200 0.234 0.
0.224 0.208 0.088 0.230 0.249 0.200 0.233 0.
0.224 0.208 0.087 0.229 0.249 0.200 0.233 Q.
0.224 0.207 0.086 0.228 0.248 0.200 0.233 0.
0.223 0.208 0.086 0.229 0.248 0.199 0.233 0.



Table 18. Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle
a,t AR = 2.508, Ae/At = 1.63, 61)’1) = 250, and 6v’y = 70

(a) Sidewall internal static pressure ratios

x’ /L, left side

NPR -0.319 -0.207 -0.095 0.080 0.161 0.241 0.321 0.402 0.482 0.3563
1.997 0.955 0.861 0.835 0.673 0.392 0.525 0.468 0.421 0.378 0Q.346
4 0.953 0.857 0.830 0.656 0.561 0.475 0.398 0.333 0.274 0.224
6.022 0.954 0.859 0.830 0.656 0.562 0.476 0.399 0.332 0.273 0.223
7.321 0.954 0.859 0.830 0.656 0.562 0.476 0.399 0.332 0.273 0.222
7.998 0.953 8 0.830 0.656 0.562 0.476 0.399 0.332 0.273 0.222

10.017 0.952 0.860 0.830 0.656 0.562 0.477 0.400 0.333 0.273 0.222
11 0.951 0.860 0.829 0.656 0.562 0.477 0.400 0.333 0.273 0.222
x'/L, right side

NPR -0.431 -0.319 -0.207 -0.095 0.080 0.161 0.241 0.321 0.402 0.482
1.997 0.975 0.936 0.858 0.793 0.683 0.603 0.525 0Q.472 0.417 0.379
4.006 0.97%4 0.935 0.850 0.778 0.664 0.567 0.467 0.401 0.332 0Q.276
6.022 0.975 0.935 0.850 0.775 0.665 0.567 0.466 0.401 0.330 0Q.275
7.321 0.975 0.935 0.849 0.775 0.665 0.567 0.465 0.401 0.330 0.274
7.998 0.975 0.935 0.850 0.775 0.664 0.566 0.465 0.402 0.330 0.274

10.017 0.976 0.934 0.850 0.775 0.664 0.566 0.462 0.402 0.330 0.274
11.560 0.976 0.934 0.849 0.774 0.664 0.565 0.465 0.402 0.331 0.275
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2
x‘/L x'/L x’/L

NPR 0.320 0.639 0.192 0.383 0.575 0.767 0.320
1.997 0.509 0.319 6 0.460 0.342 0.411 0.516
4.006 0.447 0.182 0.597 0.368 0.216 0.1 0.432
6.022 0.448 0.182 0.595 0.367 0.214 0.137 0.453
7.321 0.448 0.182 0.594 0.368 0.214 0.137 0.453

.998 0.449 0.182 0.594 0.368 0.214 0.137 0.453

10.017 0.449 0.182 0.595 0.369 0.214 0.136 0.454
11.560 0.449 0.182 0.595 0.370 0.214 0.136 0.454
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2
x'/L x'/L x'/L

NPR 0.285 0.570 0.171 0.342 0.513 0.684 0.285
1.997 0.364 0.425 0.381 - 0.363 0.377 0.426 0.366
4 0.226 0.208 0.093 0.226 0.249 0.201 0.236
6.022 0.224 0 0.089 0.229 0.249 0.200 0.235
7.321 0.223 0.208 0.088 0.229 0.249 0.200 0.234
7.998 0.223 0.207 0.088 0.229 0.248 0.200 0.234

10.017 0.222 0.207 0.087 0.229 0.248 0.200 0.234
11. 0.221 0.207 0.086 0.228 0.248 0.200 0.234
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Table 19. Nozzle Internal Static Pressure Ratios p/ pt,j for SCF 2-D C-D Nozzle
at AR = 2.508, 4A./A; = 1.63, 6, = 25°, and 0y y = 15°

(a) Sidewall internal static pressure ratios

x’/L, left side

NPR -0.207 -0.095 0.080 0.161 0.241 0.321 0.402 0.482 0.563
004 0.854 0.835 0.673 0.592 0.525 0.467 0.419 0.377 0.344
009 0.847 0.827 0.657 0.562 0.475 0.399 0.333 0.275 0.225
0.846 0.827 0.658 0.562 0.476 0.399 0.333 0.27%4 0.2%4
312 0.846 0.826 0.658 0.562 0.476 O. 0.332 0.274 0.223
293 0.847 0.826 0.658 0.562 0.477 0.400 0.332 0.274 0.223
295 0.846 0.826 0.658 0.562 0.477 0.400 0.333 0.273 0.222
575 0.844 0.825 0.658 0.562 0.477 0.401 0.333 0.274 0.222
x’/L, right side
NPR -0.431 -0.319 -0.207 -0.095 0.080 0.161 0.241 0.321 0.402 0.482
004 0.975 0.942 0.861 0.793 0.682 0.602 0.523 0.470 0.414 0.374
009 0.975 0.937 0.854 0.779 0.665 0.568 0.468 0.402 0.332 0.276
004 0.976 0.938 0.853 0.777 0.666 0.568 0.467 0.402 0.330 0.275
312 0.976 0.938 0.853 0.777 0.666 0.567 0.466 0.402 0.330 0.27%
293 0.976 0.937 0.852 0.777 0.665 0.567 0.466 0.402 0.330 0.274
295 0.976  0.937 0.852 0.776 0.665 0.567 0.466 0.402 0.331 0.274
575 0.977 0.937 0.852 0.776 0.665 0.566 0.466 0.403 0.331 0.274
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/vts2
x'/L x’/L x’/L
NPR 0.320 0.639 0.192 0.383 0.575 0.767 0.320
.004 0.507 0.316 0.638 0.457 0.340 0.380 0.513
.009 0.446 0.182 0.596 0.368 0.216 138 0.453
004 0.447 0.182 0.594 0.367 0.214 0.137 0.453
312 0.447 0.182 0.59% 0.367 0.214 0.137 0.454
993 0.448 0.182 0.593 0.368 0.214 0.137 0.454
995 0. 0.182 0.594 0.368 0.213 0.136 0.454
575 0.449 0.181 0.594 0.369 0.213 0.136 0.454
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2
x'/L x'/L x’'/L
NPR 0.285 0.570 0.171 0.342 0.513 0.684 0.285
.004 0.360 0.410 0.379 0.361 0.371 0.412 0.366
.009 0.230 0.207 .09 0.222 0.250 0.202 0.235
.004 0.228 0.207 0.088 0.226 0.250 0.201 0.234
.312 0.227 0.207 0.087 0.227 0.250 0.200 0.234
.993 0.226 0.207 0.087 0.226 0.249 0.200 0.234
.995 0.225 0.207 0.086 0.226 0.249 0.200 0.234
11.575 0.224 0.207 0.086 0.226 0.249 0.200 0.234
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Table 20. Nozzle Internal Static Pressure Ratios p/ptj for SCF 2-D C-D Nozzle
at AR = 2.083, Ac/As = 1.46, 6, = 0°, and by y = 0°

(a) Sidewall internal static pressure ratios

x'/L, left side

NPR -0.281 -0.179 -0.078 0.080 0.161 0.241 0.321 0.401 0.481 0.562 0.642
1.987 0.955 0.665 0.701 0.503 0. 0.354 0.305 0.288 0.440 0.438 0.473
4027 0.960 0.658 0.701 0.502 0.392 0.333 0.299 0.257 0.226 0.198 0.182
5.017 0.960 0.654 0.700 0.302 0.391 0.353 0.299 0.256 0.224 0.196 0.179
5025 0.961 0.65 0.700 0.302 0.331 0.353 (.299 0.256 0.224 0.19¢ 0.178
5°894 0.961 0.650 0.700 0.503 0.391 0.383  0.299 0.255 0.222 0.195 0Q.177
7°012 0.961 0.646 0.699 0.503 0.391 0.333 0.299 0 0.221 0.194 0.175
9013 0.960 0Q.643 0.698 0.305 0.3%0 0.353 0.301 0.25 0.220 0.193 0.174
1303 0.959 0.641 0.698 0.504 0.390 0.3%0 0.302 0.255 0.221 0.193 0.174

x' /L, right side

NPR -0.281 -0.179 -0.078 0.080 0.161 0.241 0.321 0.401 0.481 0.562 0.642

987 0.955 0.666 0.710 0.501 0.364 0O 157  0.322 0.326 0.442 0.437 0Q.469

527 0.95 0.655 0.705 0.502 0.362 0 354 0.313 0.260 0.223 0.196 0.172

017 0.95% 0.648 Q.70 0.502 0.361 0.353 0.310 0.238 0.221 0.19 0.170

‘925 0.956 0.647 0.703 0.503 0Q.361 0.334 0.310 0.258 0.221 0.193 0.170

"3804 0.956 0.643 0.702 0.303 0.361 O 383 (0.309 0.257 0.220 0Q.192 0.169

‘012 0.956 0.638 0.700 0.503 0.362 O 382 (0.308 0.257 0.219 0.191 0.168
9.0I3 0.957 0.633 0.699 0.302 0.363 0 330  0.309 0.257 0.218 0.191 0.167

11,303 0.956 0.631 0.698 0.502 0.363 O 350  0.308 0.259 0.219 0.191 0.168
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x'/L x'/L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333 0.667

1.987 0.283 0.513 0.317 0.290 0.454 0.523 0.283 .51

4.027 0.285 0.190 0.379 0.270 0.203 0.202 0.286 8%8%

5.017 0.285 0.189 0.389 0.269 0.201 0.201 0.285 0.188

5.025 0.285 0.189 0.390 0.269 0.201 0.201 0.285 0.188

5.8% 0.283 .188 0.393 0.2 0.201 0.201 0.285 0.188

7.012 0.280 0.187 0.396 0.267 0.200 0.201 0.284 0.187

9.013 0.277 0.186 0.400 0.266 0.201 0.202 0.284 0.187

11.303 0.279 0.186 0.390 0.266 0.203 0.201 0.284 0.186

Lower flap
y/wt/2 = 0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x'/L x'/L
NPR 0.333 0.667 0.200 0.400 0.800 0.333 0.667

1.987 0.280 0.516 0.283 0.274 0.526 .2

4.027 0.275 0.185 0.278 0.267 0.213 8.278 8 %g

5.017 0.273 0.183 0.278 0.266 0.212 0.277 190

5.025 0.273 0.183 0.278 0.266 0.212 0.277 0.190

5.8% 0.273 0.181 0.2 0.266 0.212 0.276 0.186

7.012 0.272 0.179 0.283 0.265 0.212 0.276 0.184

9.013 0.273 0.179 0.282 0.265 0.211 0.276 0.180

11.303 0.272 0.179 0.283 0.265 0.211 0.276 0.179



—

Table 21. Nozzle Internal Static Pressure Ratios p/py,j for SCF 2-D C-D Nozzle
at AR = 2.083, A¢/At = 1.46, byp = 0°, and 8y y = 7°

(a) Sidewall internal static pressure ratios

x'/L, left side

NPR -0.179 -0.078 0.080 0.161 0.241 0.321 0.401 0.481 0.562 0.642
2.015 0.657 0.698 0.499 0.397 0.333 0.298 0.315 0.433 0.449 0.461
4.001 0.656 0.697 'S0 0.391 0.352 0.298 0.235 0.223 0.196 0.178
4.995 0.651 0.697 0.501 0.3%0 0.332 0.298 0.254 0.222 0.195 0.176

304 0.648 0.697 0.501 0.391 0.332 0.260 0.253 0.221 0.19% 0.176

396 0.645 0.69%6 0.301 0.390 0.332 0.299 0.253 0.220 0.1% 0.174

001 0.643 0.695 0.501 0.3%0 0.351 0.252 0.220 0.193 0.174

257 0.643 0.695 0.502 0.390 0.302 0.253 0.220 0.193 0.174

x//L, right side

NPR -0.281 -0.179 -0.078 0.080 0.161 O 241 0.321 0.401 0.481 0.562 0.642
2.015 0.955 0.662 0.712 0.305 0.364 0.361 0.316 0.320 0.434 O. 0.461
4001 0.95 0.655 0.707 0.505 0.361 0 357 0.311 0.259 0.223 0.195 0.172
47995 0.956 0.647 0.764 0.505 0.362 0O 357 0.310 0.258 0.222 Q.19 0.171
5.894 0.9%6 O 0.706 0.505 0.362 0.35 0.308 0.258 0.221 0.193 0.170
5.99 0.955 0.637 0.702 0.205 0.362 0.357 0.308 0.258 0.220 0.192 0.169
9.001 0.955 0.635 0.701 0.303 0.363 0.353 0.309 0.298 0.219 0.191 0.168
1:257 0.955 0.633 0.701 0.505 0.363 0.353 0.308 0.260 0.220 0.192 0.168

(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = 0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x'/L x'/L

NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333 0.667
2.015 0.292 0.507 0.393 0.273 . 440 0.518 0.290 0.499
4.001 0.286 0.189 0.391 0.270 0.199 0.202 0.287 0.189
4.995 2 0.188 0.391 0.269 0.200 0.201 0.286 0.188
5.89 0.281 0.187 0.393 0.268 0.199 0.201 0.286 0.188
6.996 0.279 0.187 0.3% 0.267 0.199 0.201 0.285 0.187

1 0.275 0.186 .401 0.266 0.200 0.202 0.285 0.186
11.252 0.302 0.197 0.413 0.263 0.205 0.214 0.280 0.247
11.257 0.278 0.186 0.390 0.266 0.203 0.202 0.284 0.185

Lower flap
y/wt/2 = -0.30 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x’'/L x’/L

NPR 0.333 0.667 0.200 0.400 0.800 0.333 0.667
2.015 0.280 0.510 0.281 0.271 0.520 0.279 0.506
4.001 0.277 0.187 0.276 0.268 0.214 0.277 0.198
4,995 0.276 0.184 0.276 0.267 0.213 0.276 0.193
5.8% 0.276 0.182 0.277 0.267 0.212 0.276 0.190
6.996 0.275 0.181 0.279 0.266 0.212 0.276 0.187

g gE Ga o am oh oy o
11.257 0.274 0.180 0.284 0.267 0.211 0.276 0.180



Table 22. Nozzle Internal Static Pressure Ratios p/py; for SCF 2-D C-D Nogzzle
at AR - 2-083, Ae/At = 1.46, 61])]) = OO, and 61},y = 150

(a) Sidewall internal static pressure ratios

x'/L, left side

NPR -0.179 -0.078 0.080 0.161 0.241 0.321 0.401 0.481 0.562 0.642
0.720 0.693 0.500 0.402 .351  0.297  Q.411 435 0.460 0.466
713 0.694 0.501 0.398 0.350 Q.297 0.254 0.222 0.196 0.179
713 0.6%94 0.501 0.398 0.350 0.297 0.233 0.221 0.195 0Q.177
714 0.6% 0.501 0.367 -390 0.297 0.252 0.220 0.1% 0.176
716 0.693  0.502 0.397 0.350 0.298 0.252 0.219 0.19& 0.175
717 0.693 0.502 0.3% 0.330 0.299 0.252 0.219 0.193 0.17%
721 0.693 0.503 0.39% 0.33% 0.300 0.252 0.219 0.193 0.174
x’/L, right side
-0.382 -0.281 -0.179 -0.078 0.080 0.161 0.241 0.321 0.401 0.481 0.562
0.973  0.956 0.665 0.713 0.507 0.364 0.364 0.319 0.284 0.432  0.445
0.973  0.957 0.659 0.709 0.508 0.363 0.360 0.313 0.260 0.224 0.195
0.973  0.956 0.651 0.707 0.508 0.363 0.360 0.311 0.259 0Q.222 0.19%
0.974 0.956 0.648 0.706 0.508 0.363 0.360 0.310 0.259 0.222 §.193
0.975  0.957 0.643 0.7 .208 0.363 0.36 0.310 0.258 0.221 0.192
0.975 0.9%6 0.640 0.704 0.308 0.364 0.357 0.310 0.259 0.220 0.192
0.976 0.956 0.639 0.704 0.508 0.365 0.356 0.309 0.260 0.221 0.192
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x'/L x'/L
NFR 0.333 0.667 0.200 0.400 0.600 0.800 0.333 0.667
2.020 0.293 0.513 0.390 0.274 0.448 0.519 0.288 0.499
4.008 0.286 0.1 0.390 0.270 0.199 0.202 0.286 0.190
4.998 0.284 0.187 0.390 0.269 0.199 0.201 0.284 0.189
5.902 0.282 0.186 0.391 0.268 0.198 0.201 0.284 0.188
. 0.280 0.186 0.393 0.268 0.198 0.201 0.283 0.187
.030 0.275 0.185 0.400 0.267 0.198 0.202 0.283 0.186
11.259 0.278 0.185 0.389 0.266 0.201 0.202 0.283 0.186
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x’/L x’/L x’/L
NPR 0.333 0.667 0.200 0.400 0.800 0.333 0.667
2.020 0.283 0.524 0.284 0.272 0.520 0.278 0.501
008 0.278 0.185 0.277 268 0.213 0.275 0.191
4.998 0.277 0.183 0.276 0.267 0.212 0.275 0.189
5.902 0.276 0.182 0.276 0.267 0.212 0.274 0.187
. 0.276 0.181 0.278 0.267 0.211 0.275 0.185
9.030 0.276 0.179 0.280 0.267 0.211 0.274 0.181
11.259 0.275 0.179 0.282 0.267 0.211 0.275 0.179



Table 23. Nozzle Internal Static Pressure Ratios p/p; j for SCF 2-D C-D Nozzle
at AR = 2‘0837 Ag/At = 1.46, 6v‘p = 00, and 611“7] = 200

(a) Sidewall internal static pressure ratios

x’/L, left side

NPR -0.179 -0.078 0.080 0.161 0.241 0.321 0.401 0.481 0.562 0.642
0.532 0.580 0.538 0.422 0.354 0.296 0.257 0.413 0.430 0.449
0.533 0.580 0.539 0.421 0.351 0.295 0.255 0.411 0.428 0.446
0.536 0.573 0.538 0.419 0.348 0.292 0.250 0.217 0.192 0.175
0.338 0.571 0.538 0.419 0.347 0.292 0.249 0.217 0.192 0.174
.540  0.572  0.537 0.419 0.350 0.292 0.249 0.216 0.192 0.173
0.539 0.572 0.538 0.418 0.347 0.291 0.248 0.215 0.191 0.172
0.539 0.571 0.538 0.419 0.35% 0.295 0.251 0.217 0.192 0.174
x’/L, right side
-0.382 -0.281 -0.179 -0.078 0.080 0.161 0.241 0.321 0.401 0.481 0.562
0.972 0.958 0.670 0.718 0.508 0.363 0.362 0.310 0.393 0.448 O
0.972 0.958 0.669 0.717 0.508 0.363 0.362 0.309 0.384 0.445 O
0.975 0.958 0.662 0.711 0.508 0.363 0.358 0.301 0.25% 0.216 O
0.977 0.958 0.657 0.710 0.509 0.363 0.357 0.300 0.25% 0.216 O
0.978 0.958 0.653 0.709 0.509 0.363 0.357 0.300 0.25% 0.216 O
0.978 0.958 0.6 0.707 0.509 0.364 0.357 0.298 0.253 0Q.214 O
0.978 0.958 0.645 0.707 0.509 0.365 0.356 0.302 0.25 0.216 O
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2
x'/L x'/L x/L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333
.014 0.298 .481 0.326 0.266 0.447 0.507 0.272
2.027 0.297 0.476 0.326 0.265 0.442 0.503 0.272
4.015 .290 0.177 0.325 0.262 0.180 0.205 0.269
.002 0.288 0.177 0.325 0.262 0.179 0.205 0.268
903 0.287 0.178 0.325 0.262 0.182 0.205 0.267
13 0.285 0.177 0.326 0.261 0.179 0.205 0.266
43 0.282 0.180 0.331 0.263 0.189 0.205 0.266
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 =
x'/L x'/L x’'/L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333
2.014 0.297 0.489 0.318 0.267 0.454 0.517 0.267
2.027 0.297 0.483 0.328 0.266 0.446 0.513 0.266
4.015 0.295 0.177 0.334 0.262 0.185 0.212 0.263
5.002 0.294 0.176 0.332 0.262 0.183 0.212 0.262
5.903 0.291 0.176 0.316 0.263 0.189 0.212 0.263
7.013 0.292 0.176 0.329 0.262 0.181 0.212 0.262
8.743 0.285 0.176 0.277 0.264 0.202 0.213 0.265

OSDOOOOO o
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Table 24. Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle
at AR = 2-083, Ae/At = 1.46, 6v‘p - 250’ and 61)’y = OO

(a) Sidewall internal static pressure ratios

x’'/L, left side

NPR -0.281 -0.179 -0.078 0.080 0.161 0.241 0.321 0.401 0.481
2.011 0.9%66 0.733 0.795 0.676 0.579 0.498 0.430 0.384 0.336
4.016 0.969 0.73¢ 0.789 0.667 0.566 0.483 0.405 0.336 0.278
4.992 0.968 0.733 0.789 0.667 0.565 0.482 0.405 0.336 0.277
5.000 0.969 0.733 0.789 0.667 0.566 0.482 0.405 0.336 0.277
5.892 0.968 0.731 0.780 0.667 0.565 0.482 0.405 0.336 0.276
7.007 0.%69 0.728 0.788 0.668 0.565 0.483 0.405 0.336 0.276
9.027 0.%67 730 0.78 0.667 0.564 0.483 0.405 0.336 0.277
11.827 0.9%6 0.731 0.787 0.667 0.563 0.484 0.406 0.337 0.277
x’ /L, right side
NPR -0.281 -0.179 -0.078 0.080 0.161 0.241 0.321 0.401 0.481
2.011 0.964 0.740 0.797 0.676 0.589 0.511 0.439 0.398 0.363
4.016 0.9%4 0.727 0.787 0.670 0Q.578 0.489 0.405 0.340 0.279
4.992 0.9%4 0.724 0.785 0.663 0.579 0.489 0.405 0.340 0.279
5.000 0.965 0.724 0.786 0.66% 0.579 0.489 0.405 0.339 0.279
5.802 0.9%64 0.722 0.786 0.66% 0.578 0.489 0.404 0.339 0.278
7.007 0.%4 0.719 0.783 0.669 0.579 0.489 0.405 0.339 0.278
9.027 0.9%4 0.719 0.783 0.668 0.579 0.489 0.405 0.340 0.278
11.827 0.964 0.721 0.783 0.668 0.579 0.490 0.406 0.341 0.278
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x!/L x’/L x'/L
0.315 0.629 0.189 0.378 0.566 0.755 0.315 0.629
0.490 0.282 0.637 0.425 0.286 0.424 0.4 0.275
0.461 0.191 0.612 0.378 0.224 0.142 0.458 0.192
0.461 0.191 0.610 0.377 0.224 0.141 0.458 0.191
0.461 0.190 0.610 0.377 0.224 0.141 0.457 0.191
0.461 0.190 0.609 0.377 0.223 0.141 0.457 0.191
0.462 0.190 0.609 0.376 0.223 0 0.457 0.191
0.463 0.190 0.609 0.376 0.223 0.140 0.457 0.190
0.463 0.189 0.609 0.377 0.223 0.140 0.458 0.191
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x'/L x'/L
0.290 0.579 0.174 0.347 0.521 0.695 0.290 0.579
0.329 0.404 0.314 0.328 0.371 0.421 0.327 0.398
0.280 0.238 0.139 - 0.283 0.281 0.217 0.273 0.241
0.279 0.238 0.138 0.284 0.2 0.216 0.273 0.240
0.279 0.238 0.138 0.283 0.280 0.216 0.273 0.240
0.279 0.237 0.137 0.283 0.280 0.216 0.273 0.240
0.278 0.237 0.136 0.282 0.279 0.216 0.273 0.239
0.279 0.237 0.136 0.282 0.279 0.215 0.273 0.239
0.278 0.237 0.136 0.281 0.278 0.215 0.273 0.240
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Table 25. Nozzle Internal Static Pressure Ratios p/pt,; for SCF 2-D C-D Nozzle
at AR = 2.083, Ao/A; = 1.46, 6y p = 25°, and by, = 7°

(a) Sidewall internal static pressure ratios

x'/L, left side

NPR -0.179 -0.078 0.080 0.161 0.241 0.321 0.401 O 481
2.018 0.740 0.793 0.673 0.579 0.497 0.428 0.383 OQ 357
4.015 0.734 0.787 0.666 0.366 0.403 0.336 0.278
$°007 0.73 0.788 0.666 0.565 0.481 0.403 0.333 0.277
3'896 0.733 0.787 0.666 0.565 0.482 0.403 0.33> 0.277
1 0.731 0.787 0.666 564 0.482 0.404 0.335 0.277
9.01 0.732 0.786 0.666 0.564 0.483 0.404 0.336 0.277

11.823 0.735 0.785 0.666 0.563 0.483 0.405 0.336 O 277

x’/L, right side

NPR -0.281 -0.179 -0.078 0.080 0.161 0.241 0.321 0.401 0.481
2.018 0.964 0.743 0.799 0.679 0.5%0 0.511 0.438 0.396 0.339
4015 0.964 0.731 0.789 0.671 0.579 0.490 0.406 0.340 0.279
5.007 0.964 0.726 0.786 0.671 0.579 0.490 0.403 0.340 0.278
5:896 0.964 0.723 0.787 0.671 0.580 0.490 0.403 0.340 0.278
7:009 0.964 0.721 0.785 0.670 0.380 0.4%0 0.405 0.340 0.277
9.016 0.963 0.72 0.785 0.670 0.580 0.490 0.406 0.340 0.278

1.823 0.963 0.723 0.78s 0.669 0.580 0.491 0.406 0.341 0.278

(b) Divergent-flap internal static pressure ratios

Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x'/L x’'/L
0.315 0.629 0.189 0.378 0.566 0.755 0.315 0.629
0.490 0.282 0.636 0.425 0.285 0.422 0.489 0.277
0.461 0.191 0.611 0.378 0.224 0.141 0.458 0.192
0.461 0.190 0.609 0.377 0.224 0.141 0.457 0.191
0.461 0.190 0.609 0.377 0.223 0.141 0.457 0.191
0.462 0.190 0.608 0.376 0.223 0.140 0.458 0.191
0.462 0.189 0.608 0.377 0.223 0.140 0.458 0.191
0.463 0.189 0.609 0.377 0.223 0.140 0.458 0.191
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x'/L x’/L
0.290 0.579 0.174 0.347 0.521 0.695 0.290 0.579
0.328 0.402 0.314 0.328 0.371 0.419 0.328 0.398
0.280 0.238 0.1 0.283 0.281 0.217 0.273 0.241
0.280 0.238 0.138 0.283 0.280 0.216 0.273 0.240
0.279 0.238 0.138 0.283 0.280 0.216 0.273 0.240
0.279 0.237 0.137 0.282 0.279 0.216 0.272 0.240
0.279 0.237 0.136 0.282 0.279 0.215 0.272 0.240
0.279 0.237 0.136 0.281 0.278 0.215 0.273 0.239
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Table 26. Nozzle Internal Static Pressure Ratios p/ pt,; for SCF 2-D C-D Nozzle
at AR = 2.083, A./A; = 1.46, 6,, = 25°, and Oyy = 15°

(a) Sidewall internal static pressure ratios

x’'/L, left side

NFR -0.179 -0.078 0.080 0.161 0.241 0.321 0.401 0.481

x’/L, right side

NPR -0.382 -0.281 -0.179 -0.078 0.080 0.161 0.241 0.321
2.011 0.978 0.967 0.746 0.798 0.679 0.591 0.512 0.437
4 672 405

002 0.979 0.966 0.733 0.790 O. 0.579 0.490 O
3.016 0.978 0.965 0.729 0.789 0.672 0.581 0.490 0.406
3.906 0.979 0.965 0.726 0.787 0.672 0.381 0.490 0.405
7.018 0.980 0.965 Q.7 0.787 0.672 0.581 0.4 0.405
9.016 0.980 0.964 0.725 0./86 0.671 0.581 0.491 0.406

11.816 0.981 0.964 0.726 0.785 0.671 0.581 0.492 0.406
(b) Divergent-flap internal static pressure ratios
Upper flap
y/vt/2 = -0.50 y/wt/2 = 0.00
x’/L x'/L

NER 0.315 0.629 0.189 0.378 0.566 0.755
011 0.490 0.287 0.636 0.426 0.286 0.425
002 0.460 0.191 0.611 0.378 0.224 0.142
0.460 0.191 0.609 0.378 0.224 0.141
0.461 0.190 0.608 0.377 0.223 0.141
0.461 0.190 0.608 0.377 0.223 0.140
0.462 0.190 0.607 0.377 0.223 0.140
0.462 0.189 0.608 0.377 0.223 0.140

Lower flap

y/wt/2 = -0.50 y/wt/2 = 0.00

x'/L x’/L

NPR 0.290 0.579 0.174 0.347 0.521 0.695
.011 0.333 0.404 0.316 - 0.331 0.374 0.420
002 0.281 0.238 0.140 0.282 0.2 0.217
016 0.280 0.238 0.139 0.282 0.280 0.217
906 0.280 0.237 0.138 0.282 0.280 0.216
8 0.280 0.237 0.137 0.281 0.279 0.216
6 0.280 0.237 0.136 0.281 0.278 0.216
6 0.280 0.237 0.136 0.279 0.278 0.215
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Table 27. Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle
at AR = 2-083, Ae/At = 1-46, 5".’.[) = 2507 and 6U’y = 200

(a) Sidewall internal static pressure ratios

x’'/L, left side

OO ~JuLab
PR

O:o\twu'uw

NPR -0.179 -0.078 0.080 0.161 0.241 0.321 0.401 0.481
007 0.678 0.753 0.694 0.596 0 0.464 0.413 0.368
997 0.663 0.747 0.684 0.577 0.489 0.410 0.342 0.283
006 0.667 0.746 0.684 0.577 0.490 0.411 0.341 0.282
96 0.665 0.746 0.685 0.577 0.490 0.411 0.341 0.282
012 0.666 0.746 0.685 0.577 0.490 0.412 0.342 0.282
016 Q.6 0.740 0.686 0.577 0.492 0.412 0.342 0.282
864 0.669 0.738 0.686 0.577 0.492 0.412 0.342 0.282
x’/L, right side
NPR -0.382 -0.281 -0.179 -0.078 0.080 0.161 0.241 0.321 0.401 0.481
007 0.979 0.964 0.748 0.798 0.678 0.590 0.511 0.438 0.39% 0.358
997 0.980 0.966 0.735 0.790 0.671 0.578 0.488 0.404 0.338 0.275
006 0.980 0.965 0.730 0.788 0.671 0.579 0.487 0.403 0.337 0.274
%6 0.981 0.966 0.728 0.788 0.671 0.579 0.487 0.403 0.337 0.274
012 0.981 0.9%66 0.727 0.787 0.6/0 0.579 0.488 0.403 0.337 0.273
016 0.982 0.965 0.726 0.785 0.670 0.579 0.489 0.404 0.337 0.273
864 0.982 0.965 0.726 0.786 0.670 0.579 0.489 0.404 0.338 0.27%
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 =
x'/L x'/L x’/L
0.315 0.629 0.189 0.378 0.566 0.755 0.315
0.503 0.282 0.633 0.429 0.295 0.430 0.491
0.461 0.193 0.605 0.376 0.224 0.142 0.457
0.460 0.192 0.601 0.375 0.223 0.141 0.454
0.461 0.192 0.599 0.375 0.223 0.141 0.455
0.462 0.192 0.599 0.375 0.223 0.141 0.454
0.462 0.192 0.602 0.375 0.223 0.140 0.455
0.462 0.192 0.602 0.375 0.223 0.140 0.455
Lover flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 =
x'/L x'/L x'/L
0.290 0.579 0.174 0.347 0.521 0.695 0.290
0.337 0.408 0.317 0.333 0.374 0.421 0.333
0.284 0.235 0.138 0.271 0.283 0.218 0.263
0.283 0.234 0.137 0.271 0.282 0.218 0.263
0.284 0.234 0.136 0.271 0.282 0.217 0.262
0.283 0.234 0.135 0.270 0.281 0.217 0.262
0.282 0.233 0.135 0.269 0.281 0.217 0.261
0.282 0.234 0.134 0.267 0.281 0.217 0.261
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Table 28. Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle
at AR = 2.083, A./A; = 1.63, 6y p = 0°, and 6y y = 0°

(a) Sidewall internal static pressure ratios

x’/L, left side

NPR -0.282 -0.180 -0.078 0.081 0.161 0.242 0.322 0.403 0.483 0.364 0.644
0.958 0.654 0.696 0.499 0.361 0.319 0.275 0.434 0.453 0.439 0.470
4.006 0.962 0.654 0.697 0.501 0.358 0.314 0.272 .235  0.201 0Q.176 0Q.157
6.006 .961 0.648 0.697 0.501 0.358 0.313 0.272 0.235 0.2 0.174 0.155
1 0.961 0.644 0.696 0.501 0.358 0.313 0.272 0.23¢ 0.199 0.174 0.154
7.999 0.961 0.643 0.696 0.501 0.358 0.312 0.271 0.235 0.199 0.174 0.154
10.00 .960 0.641 0.695 .502 0.358 0.313 0.271 0.235 0.198 0.173 0.133
11.556 0.959 0.639 0.695 0.502 0.3%8 0.313 0.271 0.235 0.199 0.173 0.133
x’/L, right side
NPR -0.282 -0.180 -0.078 0.081 0.161 0.242 0.322 0.403 0.483 0.564 0.644
2.009 0.957 0.653 0.698 0.499 0.366 0.334 0.272 0.435 0.451 0.439 0Q.467
4.006 0.956 0.645 0.694 0.499 0.365 0.328 0.267 0.238 0.202 0.174 Q.133
6.006 0.956 0.636 0.603 0.500 0.365 0.326 0.266 0.236 0.201 0.173 0.131
7.304 0.956 0.631 0.692 0.500 0.366 0.325 0.267 0.236 0.200 0.172 0Q.130
7.999 0.956 0.630 0.692 0.500 0.366 0.325 0.267 0.236 0.200 0.171 0.130
10.003 0.95 0.627 0.691 0.500 0.366 0.324 0.266 0.236 0.201 0.171 0.130
11.556 0.956 0.627 0.690 0.500 0.367 0.325 0.2 0.236 0.201 0.171 0.149
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x'/L x'/L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333 0.667
2.009 0.258 0.523 0.372 0.350 483 0.521 0.261 0.520
4.006 0.254 0.166 0.369 0.258 0.164 0.198 0.258 0.163
6.006 0.252 0.165 0.366 0.258 0.164 0.198 0.256 0.163
7.304 0.251 0.163 0.365 0.257 0.163 0.197 0.255 0.163
7.999 0.251 0.162 .364 0.257 0.162 0.197 0.255 0.163
10.003 0.251 0.162 0.362 0.256 0.162 0.197 0.255 0.163
11,556 0.251 0.162 0.360 0.257 0.162 0.197 0.256 0.164
Lower flap
y/vt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x'/L x'/L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333 0.667
2.009 0.262 0.526 0.257 0.335 .490 0.521 0.257 0.521
4.006 .260 0.153 0.257 0.251 0.165 0.197 0.256 0.153
6.006 0.259 0.152 0.259 0.249 0.164 0.196 0.255 0.152
7.304 0.259 0.151 0.262 0.249 0.164 0.195 0.255 0.152
7.999 0.259 0.151 0.263 0.249 0.164 0.195 0.255 0.151
10.003 0.258 0.151 0.264 0.249 0.164 0.196 0.254 0.152
11.556 0.258 0.151 0.265 0.249 0.164 0.196 0.255 0.151
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Table 29. Nozzle Internal Static Pressure Ratios p/p; j for SCF 2-D C-D Nozzle
at AR = 2-083, Ae/At = 1.63, 6114) = 00’ and 61)“1/ = 70

(a) Sidewall internal static pressure ratios

x'/L, left side

-0.180 -0.078 0.081 0.161 0.242 0.322 0.403 0.483 0.564 0.644
0.658 0.695 0.497 0.361 0.318 0.273 0.437 0Q0.451 0.457 0.468
0.654 0.695 0.498 0.358 0.312 0.271 0.234 0Q.200 0.175 0.155
0.6 0.694 0.500 0.357 0.311 0.270 0.234 0.199 0.174 0.15
0.644 0.694 0.500 0.357 0.310 0.269 0.234 0.198 0.173 0.153
0.642 .693  0.500 0.358 0.310 0.269 0.234 0.198 0.173 0.153
0.642 0.693 0.501 0.357 0.310 0Q.269 0.234 0.197 0.172 0.153
0.641 693 0.501 0.357 0.310 0.269 0.234 0.197 0.172 0.152

x’/L, right side

-0.282 -0.180 -0.078 0.081 0.161 0.242 0.322 0.403 0.483 0.564
0.954 0.654 0.700 0.501 0.368 0.335 0.274 0.438 0.453 0.460
0.955 0.648 0.697 0.501 0.366 0.329 0.269 0.238 0.202 0.175
0.935 0.639 0.694 0.501 0.366 0.328 0.269 0.236¢ 0.201 0.173
0.955 0.633 0.693 0.502 0.366 0.327 0.269 0.236 0.201 0.172
0.955 0.632 0.693 0.502 0.367 0.327 0.269 0.236 0.201 0.172
0.955 0.629 0.693 0.502 0.367 0.326 0.268 0.237 0.201 0.172
0.955 0.630 0.693 0.502 0.368 0.326 0.267 0.236 0.202 0.172

(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2
x'/L x’'/L x’/L
0.333 0.667 0.200 0.400 0.600 0.800 0.333
0.257 0.523 0.370 0.352 0.485 0.521 0.262
0.253 0.165 0.368 0.259 0.164 0.197 0.259
0.251 0.164 0.365 0.257 0.163 0.197 0.257
0.250 0.162 0.364 0.257 0.163 0.196 0.256
0.250 0.162 0.363 0.257 0.162 0.196 0.255
0.250 0.161 0.363 0.256 0.162 0.196 0.255
0.250 0.161 0.361 0.257 0.162 0.196 0.256
Lowver flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/ut/2
Xx'/L x'/L x//L
0.333 0.667 0.200 0.400 0.600 0.800 0.333
0.262 0.527 0.257 0.341 0.489 0.522 0.258
0.259 0.153 0.257 0.251 0.165 0.196 0.257
0.258 0.152 0.258 0.250 0.165 0.196 0.256
0.258 0.151 0.263 0.249 0.164 0.196 0.256
0.258 0.151 0.264 0.249 0.164 0.196 0.255
0.258 0.151 0.264 0.249 0.164 0.196 0.255
0.258 0.151 0.265 0.249 0.164 0.196 0.256
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Table 30. Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle
at AR = 2.083, A./A; = 1.63, §,p = 0°, and 6,y = 15°

(a) Sidewall internal static pressure ratios

x‘/L, left side

NPR -0.180 -0.078 0.081 0.161 0.242 0.322 0.403 0.483 0.564 0.644
.007 0.719 0.692 0.496 0.364 0.318 0.281 0.450 0.458 0.462 0.469
.998 0.716 0.691 0.498 0.360 0.315 0.271 0.232 0.199 0.175 0.155
014 0.717 0.6%0 0.499 0.360 0.315 0.270 0.232 0.198 0.173 0.153
301 0.717 0.690 0.500 0.359 0.314 0.269 0.232 0.197 0.173 0.153
.003 0.718 0.690 0.499 0.360 0.315 0.269 0.232 0.197 0.172 0.152
013 0.720 0.689 0.500 0.361 0.312 0.268 0.233 0.196 0.172 0.152
321 0.722 0.689 0.501 0.360 0.312 0.268 0.234 0.197 0.172 0.151

x’'/L, right side

0.

0.958 0.656 0.704 0.503 0.36% 0.336 0.273 O 0.
998 0.974 0.957 0.652 0.699 0.503 .367 330 O 0.239 0.2 0.
014 0.975 0Q.957 0.642 0.698 0.504 0.368 0.328 270 0.238 0.202 0.
301 0.975 0.956 0.638 0.697 0.504 0.368 0.328 0.270 0.238 0.202 Q.
0.975 0.956 0.637 0.696 0.504 0.369 0.327 0.270 0.238 0.202 . Q.
013 0.976 0.956 0.63 0.696 0.304 0.369 0.327 0.270 0.237 0.202 Q.
321 0.976 0.956 0.635 0.696 0.504 0.370 0.327 0.269 0.237 0.202 O.

(b) Divergent-flap internal static pressure ratios

Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2

x'/L x'/L x’/L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333
2.007 0.257 0.520 0.369 0.353 0.487 0.520 0.261
3.998 0.252 0.164 0.366 0.258 0.165 0.198 0.258
6.014 0.250 0.163 0.363 0.258 0.164 0.198 0.256
7.301 0.250 0.162 0.362 0.257 0.163 0.198 0.255
8.003 0.250 0.161 0.362 0.257 0.163 0.198 0.255
10.013 0.249 0.160 0.362 0.257 0.163 0.198 0.255
11.321 0.250 0.160 0.360 0.257 0.163 0.198 0.256

Lover flap

y/wt/2 = -0.50 y/wt/2 = 0.00 y/vt/2 =

x'/L x’/L x'/L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333
2.007 0.261 0.526 0.259 0.341 0.493 0.521 0.257
3.998 0.259 0.153 0.256 0.252 0.165 0.197 0.256
6.014 0.258 0.151 0.257 0.251 0.165 0.197 0.255
7.301 0.258 0.151 0.259 0.250 0.165 0.197 0.255
8.003 0.258 0.151 0.261 0.249 0.165 0.197 0.255
10.013 0.258 0.151 0.263 0.250 0.165 0.196 0.255
11.321 0.258 0.150 0.263 0.250 0.165 0.197 0.256
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Table 31. Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle
at AR = 2.083, A./A; = 1.63, 6, = 0°, and &,y = 20°

(a) Sidewall internal static pressure ratios

x’'/L, left side

NPR -0.180 -0.078 0.081 0.161 0.242 0.322 0.403 0.483 0.564 0.644

0.529 0.579 0.527 0Q.402
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0.534 0.571 0.527 0.399 0.3 0.269 0.227 0.195 0.169 0.151

0.538 0.568 0.527 0.398 0.323 0.268 0.227 0.19 0.168 0.150

0.536 0.569 0.527 0.398 0.323 0.268 0.226 0.193 0.168 0.149

0.536 0.569 0.527 0.398 0.323 0.268 0.226 0.193 0.168 0Q.149

0.53¢ 0.570 0.527 0.398 0.323 0.268 0.226 0.193 0.168 0.148

x'/L, right side

-0.383 -0.282 -0.180 -0.078 0.081 0.161 0.242 0.322 0.403 0.483 0.5364

0.975 0.957 0.664 0.706 0.503 0.372 0.335 0.277 0.446 0.438 0.464
977 0.957 0.657 0.702 0.503 0.368 0.329 0.267 0.231 0.197 Q0.
977 0.957 0.648 0.700 0.504 0.369 0.328 0.267 0.229 0.196 0.
978 0.957 0.643 0.698 0.504 0.369 0.327 0.268 0.228 0.195 0.
977 0.958 0.642 0.698 0.505 0.370 0.327 0.268 0.228 0.195 Q.
978 0.957 0.641 0.698 0.505 0.370 0.327 0.268 0.228 0.195 O.

(b) Divergent-flap internal static pressure ratios

Upper flap

y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2

x'/L x’'/L x'/L
0.333 0.667 0.200 0.400 0.600 0.800 0.333
0.261 .500 0.297 0.291 0.474 0.523 0.256
0.256 0.155 0.296 0.254 0.165 0.205 0.253
0.254 0.155 0.293 0.254 0.164 0.206 0.251
0.254 0.154 0.293 0.254 0.164 0.2 0.250
0.254 0.154 0.292 0.254 0.164 0.207 0.250
0.254 0.154 0.292 0.254 0.164 0.207 3.250

Lower flap

y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 =

x'/L x’/L x'/L
0.333 0.667 0.200 0.400 0.600 0.800 0.333
0.267 0.501 0.284 0.383 0.431 0.524 0.247
0.263 0.152 0.279 0.249 0.163 0.203 0.246
0.261 0.152 0.274 0.249 0.163 0.204 0.246
0.259 0.151 0.273 0.249 0.163 0.205 0.246
0.259 0.151 0.272 0.249 0.163 0.205 0.246
0.260 0.151 0.271 0.249 0.163 0.205 0.246
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Table 32. Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle
at AR = 2.083, A./A; = 1.63, 6, p = 20°, and &,y = 0°

(a) Sidewall internal static pressure ratios

x’/L, left side

NPR -0.282 -0.180 -0.078 0.081 0.161 0.242 0.322 0.403 0.483 0.564
2.003 0.963 0.705 0.763 0.630 0.533 0.475 0.460 0.422 0.389 0.357
4.005 0.964 0.696 0.751 0.614 0.507 0.429 0.358 0.299 0.251 0Q.211
6.014 0.964 0.693 0.750 0.614 0.507 0.430 0.358 0.299 0.230 0.210
7.306 0.964 0.690 0.750 0.614 0.507 0.430 0.358 0.299 0.2%0 0.209
8.009 0.964 0.689 0.749 0.614 0.506 0.430 0.358 0.299 0.250 0.209
10.004 0.963 0.689 0.749 0.614 0.306 0.430 0.359 0.299 0.250 0.208
11.675 0.963 0.689 0.748 0.614 0.505 0.430 0.360 0.299 0.250 0.208

X’/L, right side

NPR -0.282 -0.180 -0.078 0.081 0.161 0.242 0.322 0.403 0.483 0.564
2.003 0.961 0.711 0.763 0.632 0.543 Q.493 6 0.424 0.389 0.357
4.005 0.960 0.697 0.751 0.618 0.522 0.433 0.350 0.303 Q.251 0.207
6.014 0.961 0.687 0.750 0.619 0.522 0.431 0.348 0.303 0.249 0.206
7.306 0.961 0.683 0.749 0.619 0.522 0.431 0.348 0.302 0.249 0.206
8.009 0.960 0.683 0.749 0.619 0.522 0.431 0.348 0.302 0.249 0.206
10.006 0.960 0.681 0.748 0.618 0.522 0.431 0.347 0.303 0.249 0.205
11.675 0.960 0.680 0.748 0.618 0.522 0.432 0.347 0.304 0.249 0.205

(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 =
x'/L x’'/L x'/L

NPR 0.327 0.654 0.197 0.392 0.589 0.785 0.327
2.003 0.470 0.334 0.597 0.431 0.358 0.425 0.474
4.005 0.412 0.178 0.557 0.345 0.208 0.135 0.413
6.014 0.413 0.178 0.555 0.344 0.207 0.134 0.411
7.306 0.413 0.178 0.555 0.344 0.206 0.134 0.411
8.009 0.414 0.178 0.555 0.344 0.206 0.134 0.410

10.004 0.414 0.177 0.554 0.345 0.206 0.133 0.411
11.675 0.414 0.177 0.553 0.346 0.206 0.133 0.411
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 =
x’/L x'/L x'/L

NFR 0.299 0.599 0.180 0.359 0.539 0.718 0.299
2.003 .372 0.397 0.382 0.370 0.379 0.403 0.372
4.005 0.224 0.213 0.113 0.230 0.252 0.199 0.219
6.014 0.222 0.213 0.110 0.232 0.252 0.198 0.218
7.306 0.222 0.212 0.109 0.233 0.251 0.198 0.218
8.009 0.222 0.213 0.109 0.233 0.250 0.198 0.217

10.004 0.221 0.212 0.109 0.234 0.250 0.198 0.216
11.675 0.221 0.212 0.108 0.232 0.250 0.198 0.216
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Table 33. Nozzle Internal Static Pressure Ratios p/py,; for SCF 2-D C-D Nozzle
at AR = 2.083, Ac/Ar = 1.63, byp = 20°, and 8y y = 7°

(a) Sidewall internal static pressure ratios

x'/L, left side

NPR -0.180 -0.078 0.081 0.161 0.242 0.322 0.403 0.483 0.364 0.644
2.0064 0.710 0.758 0.629 0.332 0.476 0.459 0.420 0.387 0.357 0.335
4001 0.697 0.749 0.612 0.307 0,428 0.3%8 0.298 0.250 0.211 0.178
€013 0.693 0.748 0.613 0.306 0.428 0.358 0.298 0.249 0.209 0.176
77313 0.692 0.748 0.612 0.303 0.428 0.358 0.298 0.249 0.209 0.175
8.001 0.690 0.747 0.612 0.303 0.429 0.358 0.298 0.249 0.208 0.174

10,003 0.691 0.747 0.612 0.305 0.42 0°359 0.298 0.249 0.208 0.174
11,555 0.692 0.746 0.612 0.304 0,429 0.3359 0.299 0.249 0.208 0.174
x’/L, right side

NPR -0.282 -0.180 -0.078 0.081 0.161 0.242 0.322 0.403 0.483 0.564
2.006 0.959 0.712 0.767 0.633 0.544 0.489 0.445 0.425 0.391 0.338
4.001 0.959 0.698 0.754 0.620 0°322 0.433 0.350 0.306 0.251 0.210
6013 0.960 0.689 0.752 0.621 0.524 0.432 0.348 0.303 0.230 0.208
7°315  0.959 0.686 0.750 0.620 0.524 0.432 0.348 0.305 0.249 0.207
8001 0.959 0.684 0.731 0.621 0.324 0.432 0.348 0.305 0.249 0.206

10,003 0.959 0.683 0.730 0.620 0.324 0.433 0.348 0.305 0.249 0.206
11,555 0.959 0.683 0.750 0.620 0.324 0.433 0.348 0.305 0.249 0.206
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2
x'/L x'/L x'/L

NPR 0.327 0.654 0.197 0.392 0.589 0.785 0.327
2.004 0.468 0.335 0.597 0.430 0.357 0.425 0.471
4.001 0.411 0.178 0.556 0.345 0.208 0.135 0.412
6.013 0.412 0.178 0.554 0.344 0.207 0.134 0.411
7.315 0.412 0.177 0.554 0.344 0.207 0.134 0.410
8.001 0.412 0.177 0.554 0.344 0.206 0.134 0.411
10.003 0.413 0.176 0.553 0.345 0.206 0.134 0.411
11.555 0.413 0.176 0.552 0.345 0.206 0.133 0.411

Lower flap
y/wt/2 = -0.30 y/wt/2 = 0.00 y/wt/2
x'/L x'/L x'/L

NPR 0.299 0.599 0.180 0.359 0.539 0.718 0.299
2.004 0.371 0.396 0.381 0.370 0.379 0.403 0.371
4.001 0.223 0.213 0.111 0.232 0.252 0.199 0.218
6.013 0.222 0.213 0.109 0.233 0.251 0.199 0.218
7.315 0.221 0.213 0.109 0.234 0.250 0.198 0.218
8.001 0.222 0.213 0.109 0.234 0.250 0.198 0.217
10.003 0.221 0.213 0.109 0.233 0.249 0.198 0.217
11.555 0.220 0.212 0.108 0.233 0.249 0.198 0.217
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Table 34. Nozzle Internal Static Pressure Ratios p/ptj for SCF 2-D C-D Nozzle
a,t AR = 2083, Ae/At = 163, 61)’1) = 200, and 6y‘y = 150

(a) Sidewall internal static pressure ratios

x’/L, left side

NPR -0.180 -0.078 0.081 0.161 0.242 0.322 0.403 0.483 0.564 0.644
2.003  0.769 0.756 0.628 0.531 0.476 0.458 0.419 0.384 0.353 0.329
3.999  0.757 0.746 0.611 0.506 0.427 0.356 0.297 0. 0.210 0.178
6.005 0.757 0.746 0.611 0.306 0.428 0.356 0.297  0.249 0.210 0.176
7.299  0.739 0.746 0.612 0.3505 0.429 0.357 0.297 0.249 0.209 0.176
8.001 0.759 0.745 0.612 0.505 0.429 0.357 0.297 0.249 0.209 0.175

10.012  0.762 0.745 0.612 0.505 0.429 0.357 0.297 0.249 0.209 0.175
11.777  0.763 0.745 0.612 0.504 0.430 0.358 0.298 0.249 0.209 0.175
X’'/L, right side

NPR -0.383 -0.282 -0.180 -0.078 0.081 0.161 0.242 0.322  0.403 0.483 0.564
2.003  0.972 0.961 0.716 0.767 0.635 0.544 0 480 0.441 0.423 0.390 0.358
3.999 0.976 0.960 0.700 0.756 0.622 0.524 0.434 0.350 0.3 0.250 0.
6.005 0.976 0.960 0.691 0.753 0.622 0.525 0 433 0.349 0.305 0.239 O.
7.299 0.977 0.961 0.688 0.753 0.622 0.525 0.433  0.348 0.305 0.24% 0.
8.001 0.977 0.960 0.688 0.752 0.622 0.525 0.433  0.349 0.305 0.243 0.206

10.012  0.978 0.960 0.686 0.752 0.622 0.575 0.433  0.349 0.305 0.249 0.
11.777 0.978 0.960 0.684 0.752 0.621 0.525 0 434 0.349 0.306 0.7249 0.
(b) Divergent-flap internal static pressure ratios
Upper flap

y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 =

x‘/L x'/L x’/L
NPR 0.327 0.654 0.197 0.392 0.589 0.785 0.327
2.003 0.469 0.331 0.596 0.427 0.356 0.431 0.467
3.999 0.411 0.178 0.555 0.344 0.208 0.135 0.412
.005 0.411 0.177 0.552 0.343 0.207 0.134 0.411
7.299 0.412 0.177 0.552 0.343 0.206 0.134 0.412
8.001 0.412 0.177 0.552 0.344 0.206 0.134 0.412
10.012 0.413 0.177 0.551 0.3 0.206 0.134 0.412
11.777 0.413 0.176 0.551 0.345 0.206 0.134 0.412

Lower flap

y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 =

x'/L x'/L x’/L
NPR 0.299 0.599 0.180 0.359 0.539 0.718 0.299
2.003 0.371 0.395 0.379 0.369 0.378 0.403 0.371
3.999 0.224 0.213 0.112 0.231 0.251 0.199 0.217
6.005 0.223 0.212 0.110 0.232 0.250 0.198 0.217
7.299 0.223 0.212 0.109 0.233 0.250 0.198 0.217
8.001 0.223 0.212 0.109 0.233 0.250 0.198 0.216
10.012 0.222 0.212 0.109 0.233 0.250 0.198 0.216
11.777 0.222 0.212 0.109 0.232 0.249 0.198 0.216
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Table 35. Nozzle Internal Static Pressure Ratios p/p; j for SCF 2-D C-D Nozzle
at AR = 2.083, A./A; = 1.63, 8, p = 20°, and 6,y = 20°

(a) Sidewall internal static pressure ratios

x' /L, left side

-0.180 -0.078 0.081 0.161 0.242 0.322 0.403 0.483 0.564 0.644
0.634 0.699 0.664 0.577 0.514 0.460 0Q.419 0.382 0.352 0.331
0.612 676 0.636 0.521 0.433 0.363 0.3046 0.255 0.215 0.182
0.613 0.670 0.637 0.521 0.434 0.364 0.305 0.255 0.213 0.180
0.612 0.668 0.637 0.521 0.434¢ 0.365 0.304 0.255 0.213 0.179
0.612 0.668 0.637 0.520 0.434 0.365 0.304 0.256 0.213 0.179
0.612 0.668 0.637 0.520 0.434 0.365 0.305 0.255 0.212 0.178
x’/L, right side
-0.383 -0.282 -0.180 -0.078 0.081 0.161 0.242 0.322 0.403 0.483 0.564
0.980 0.963 0.715 0.768 0.634 0.542 0.477 0.438 0.424 0.394 0.
0.979 0.962 (0.701 0Q.755 0.620 0.522 0.431 0.347 0.301 0.246 0.2
0.979 0.961 0.694 0.753 0.621 0.523 0.430 0.346 0.300 0.245 Q.
0.979 0.961 0.690 0.753 0.620 0.523 0.430 0.345 0.300 0.244 O.
0.979 0.962 0.689 0.752 0.621 0.523 0.430 0.345 0.300 0.244 Q.
0.980 0.961 0.686 0.752 0.620 0.523 0.430 0.345 0.300 0.245 0.
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2
x’/L x’/L x’/L
NPR 0.327 0.654 0.197 0.392 0.589 0.785 0.327
.006 0.489 0.330 0.594 0.436 0.354 0.436 0.468
.000 0.413 0.181 0.546 0.341 0.207 0.135 0.407
.011 0.414 0.181 0.544 0.340 0.206 0.135 0.407
312 0.414 0.180 0.544 0.341 0.205 0.134 0.406
.010 0.414 0.180 0.544 0.341 0.205 0.134 0.406
.005 0.415 0.179 0.544 0.341 0.205 0.134 0.406
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 =
x'/L x'/L x’'/L
NPR 0.299 0.599 0.180 0.359 0.539 0.718 0.299
006 0.371 0.395 0.379 0.369 0.378 0.404 0.370
0.236 0.211 0.107 0.219 0.254 0.199 0.2
011 0.236 0.211 0.105 0.218 0.253 0.199 0.207
312 0.236 0.211 0.104 0.219 0.253 0.198 0.207
010 0.236 0.210 .0.104 0.219 0.252 0.198 0.206
005 0.235 0.210 0.102 0.220 0.252 0.198 0.205
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Table 36. Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle
at AR = 1.265, A./Ay = 1.46, 6,5 = 0°, and 6,y = 0°

(a) Sidewall internal static pressure ratios

x'/L, left side

NPR -0.194 -0.106 -0.018 0.080 0.160 0.241 0.321 0.401 0.482 0.562 0.642
991 0.964 0.941 0.426 0.439 0.367 0.284 0.233 0.210 0.272 0.377 Q.462
003 0.967 0.945 0.416 0.445 0.363 0.281 0.230 0.208 0.262 0.254 0.238
012 0.966 0.946 0.413 0.447 0.262 0.280 0.229 0.207 0.262 0.234 0.237
903 0.967 0.946 0.412 0.447 0.362 0.280 0.229 0.207 0.262 0.253 0.236
008 0.967 0.947 0.410 0.447 0.361 O 0.228 0.206 0.261 0.2533 0.236
995 0.966 0.947 0.409 0.447 0.361 0.28 0.228 0.206 0.260 0.252 0.235
429 0.965 0.947 0.409 0.446 0.361 0.281 0.228 0.206 0.260 0.251 0.235
x’/L, right side
NPR -0.1% -0.106 -0.018 0.080 0.160 0.241 0.321 0.401 0.482 0.3562 0.642
.991 0.956 0.947 0.431 0.443 0.366 0.290 0.237 0.217 0.306 0.391 0.436
003 0.958 0.943 0.422 0.4464 0.362 0.282 0.234 0.209 0.271 0.239 0Q.232
‘014 0.958 0.943 0.419 0.445 0.362 0.280 0.233 0.208 0.270 0.258 0Q.231
903 0.959 0.943 0.418 0.446 0.363 0.279 0.232 0.207 0.269 0Q.238 0Q.231
008 0.950 0.943 0.416 0.446 0.363 0.279 0.232 0.206 0.269 0.257 0.231
‘995 0.960 0.943 0.416 0.446 0.363 0.278 0.231 0.205 0.269 0.237 0.231
429 0.960 0.944 0.416 0.446 0.363 0.278 0.231 0.204 0.268 0.256 0.231
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x‘/L x'/L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333 0.667
991 0.292 0.429 0.388 0.249 0.411 0.471 0.291 0.435
003 0.287 0.216 0.386 0.248 0.197 0.182 0.287 0.217
014 0.286 0.215 0.386 0.248 0.188 0.181 0.285 0.216
903 0.285 0.215 0.386 0.247 0.183 0.181 0.285 0.216
008 0.285 0.214 0.386 0.247 0.179 0.181 0.284 0.216
995 0.285 0.215 0.386 0.247 0.173 0.180 0.285 0.216
.429 0.285 0.215 0.386 0.247 0.170 0.180 0.286 0.215
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x’'/L x'/L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333 0.667
991 0.290 0.418 0.397 0.250 0.396 0.469 0.289 0.428
.003 0.287 0.222 0.393 0.248 0.185 0.186 0.288 0.216
.014 0.286 0.222 0.393 0.2 0.179 0.185 0.288 0.215
.903 0.286 0.222 .393 0.247 0.175 0.185 0.287 0.215
.008 0.286 0.221 0.394 0.247 0.174 0.184 0.287 0.215
.995 0.286 0.221 0.395 0.247 0.171 0.184 0.287 0.215
.429 0.287 0.221 0.395 0.247 0.168 0.183 0.288 0.216



Table 37. Nozzle Internal Static Pressure Ratios p/pt,; for SCF 2-D C-D Nozzle
at AR, = 1.265, Ae/At = 1-467 61}’1) = Oo, and 6v‘y = 150

(a) Sidewall internal static pressure ratios

x’/L, left side

NPR -0.018 0.080 0.160 0.241 0.321 0.401 0.482 0.562 0.642
2.011  0.423 0.441 0.365 0.278 0.228 0.208 0.276 O. 0.466
4.006  0.417 0.447 0.360 0.277 0.227 0.205 0.269 0.254 0.237
4.997  0.414  0.450 0.359 0.276 0.226 0.204 0.268 0.253 0.236
3.902  0.411 0.451 0.359 0.276 0.226 0.204 0.268 O. 0.236
6.999 0.411 0.431 0.359 0.276 0.225 0Q.204 0.267 0.251 0.235
8.99¢ 0.411 0.451 0.358 0.277 0.225 0.204 0.267 0. 0.235
11.552  0.411 0.450 0.357 0.277 0.225 0.203 0.265 0.250 0.238
x’/L, right side
NPR -0.282 -0.194 -0.106 -0.018 0.080 0.160 0.241 0.321 0.401 0.482 0.562 0.642
2.011  0.957 0.969 0.948 0.443 0.452 0.366 0.280 0.240 0.224 0.342 0.419 O
4.006  0.962  0.972 0.944 0.423 0.453 0.363 0.282 0.236 0.714 0.269 0.257 0
4.997  0.963  0.971 0Q.944 0.425 0.455 0.36 0.280 0.235 0.212 0.269 0.258 O
5.902  0.964 0.972 0.944 0.423 0.455 0.363 0.279 0.73% 0.210 0.268 0.258 0
6.999 0.966 0.972 0.944 0.422 0.455 0.363 0.278 0.234 0.209 0.2 0.257 0
8.996 0.967 0.973 0.944 0.420 0.454 0.363 0.278 0.233 0.207 0.267 0.257 O
11.552  0.967 0.972 0.945 0.420 0.454 0.363 0.278 0.233 0.206 0.267 0.257 0O
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x'/L x'/L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333 0.667
2.011 0.291 0.435 0.389 0.250 0.404 0.485 0.292 0.458
4 0.287 0.215 0.388 0.248 0.204 0.183 0.288 0.215
4.997 0.286 0.215 0.387 0.248 0.197 0.182 0.287 0.215
5.902 0.285 0.214 0.387 0.248 0.191 0.182 0.287 0.215
6.999 0.285 0.214 0.388 0.247 0.184 0.181 0.286 0.215
8.996 0.285 0.215 0.388 0.247 0.177 0.181 0.287 0.214
11.552 0.286 0.216 0.388 0.248 0.173 0.180 0.288 0.214
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x‘/L x'/L x'/L
NER 0.333 0.667 0.200 0.400 0.600 0.800 0.333 0.667
2.011 0.290 0.431 0.399 0.249 0.398 0.490 0.2 0.468
4.006 0.287 0.222 0.397 0.248 0.206 0.186 0.289 0.217
4.997 0.287 0.222 0.398 0.247 0.197 0.186 0.289 0.216
5.902 0.286 0.222 0.399 0.247 0.191 0.185 0.289 0.216
6.999 0.286 0.222 *0.399 0.247 0.190 0.184 0.289 0.216
8.996 0.287 0.222 0.399 0.247 0.186 0.184 0.289 0.217
11.552 0.287 0.223 0.399 0.247 0.179 0.184 0.289 0.217
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Table 38. Nozzle Internal Static Pressure Ratios p/py,; for SCF 2-D C-D Nozzle
at AR = 1.265, Ac/As = 1.46, §,p = 0°, and 6y = 25°

(a) Sidewall internal static pressure ratios

x'/L, left side

_0.018 0.080 0.160 0.241 0.321 0.401 0.482 0.562 0.642
0.453 0.360 0.274 0.227 0.219 0.363 0.452 0.496

0,459 0.358 0.273 0.226 0.212 0.273 0.257 0.240

0.459 0.357 0.2723 0.226 0.210 0.273 0.256 0.240

337  0.459 0.357 0.273 0.225 0.209 0.272 0.2%6 0.239
337 0.458 0.3% 0.273 0.225 0.209 0.272 0.255 0Q.239
1333 0.458 0.355 0.272 0.225 0.208 0.272 0.255 0.239

-0.194 -0.106 -0.018 0.080 0.160 0.241 0.321 0.401 0.482 0.562 0.642
0.974 0.950 0.449 0.438 0.365 0.286 0.281 0.395 0.4l 0.430 O.
0.975 0.947 0.436 0.439 0.363 0.279 0.230 0.199 0.182 0.169 0.
976 0.975 0.947 0.432  0.460 0.363 0.277 0.229 0.198 0Q.181 0.168 O.
977 0.975 0.947 0.430 0.461 0.363 0.276 0Q.228 0.197 0.180 0.167 O.
977 0.975 0.946 0.428 0.460 0.363 0.276 0.228 0.196 0.180 0.166 Q.
‘978 0.976 0.947 0.428 0.460 0.362 0.275 0.228 0.196 0.179 0.166 O.
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x'/L x'/L
0.333 0.667 0.200 0.400 0.600 0.800 0.333 0.667
0.295 0.475 0.328 0.253 0.476 0.515 0.262 0.49
0.291 0.220 0.325 0.252 0.163 0.174 0.258 0.1 3
0.290 0.219 0.325 0.251 0.163 0.173 0.256 0.147
0.289 0.219 0.325 0.251 0.162 0.173 0.256 0.147
0.289 0.218 0.324 0.251 0.162 0.172 0.255 0.146
0.289 0.218 0.324 0.251 0.162 0.172 0.255 0.146
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x'/L x'/L
0.333 0.667 0.200 0.400 0.600 0.800 0.333 0.667
0.293 482 0.329 0.252 8 0.516 0.253 .
0.291 0.228 0.328 0.250 0.165 0.177 0.252 8.%%%
0.291 0.228 0.327 0.250 0.164 0.176 0.251 0.152
0.291 0.229 0.328 0.250 0.164 0.175 0.251 0.150
0.291 0.228 0.328 0.249 0.164 0.175 0.251 0.149
0.291 0.228 0.328 0.249 0.164 0.175 0.250 0.148
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Table 39. Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle
at AR = 1.265, A./A; = 1.46, 6, , = 25°, and 6, = 0°

O~

[l * N LWL LW TOR 1o

(a) Sidewall internal static pressure ratios

NPR -0.194 -0.106 -0.018
998 0.968 0.948 0.511
998 0.973 0.936 0.5

006 0.973 0.954 0.512
902 0.973 0.955 0.507
005 0.972 0.954 0.505
Q06 0.971 0.955 0.507
840 0.970 0.954 0.507
NPR -0.194 -0.106 -0.018
998 0.963 0.955 0.523
998 0.964 0.951 0.512
006 0.964 0.951 0.508
902 0.965 0.950 0.522
005 0.965 0.951 0.529
Q06 0.965 0.951 0.3532
840 0.966 0.952 0.523

(b)

y/wt/2 = -0.50
x'/L

y/wt/2 = -0.50

x’'/L
0.289 0.579
0.297 0.481
0.281 0.240
0.280 0.239
0.280 0.239
0.279 0.239
0.279 0.239
0.278 0.239

Divergent-flap internal static pressure ratios
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0.656 0.558

0.656 0.558 0.481
0.655 0.337 0.482
0.654 0.337 0.482
0.654 0.555 0.483
0.655 0.555 0.483

0.321
.409
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x'/L, right side

0.664 0.568 0.486
0.658 0.565 0.476
0.656 0.563 O

Upper flap
y/wt/2 = 0.00
X' /L
0.378 0.567
0.392 0.418
0.381 0.225
0.380 0.224
0.380 0.224
0.380 0.224
0.381 0.224
0.381 0.224
Lower flap
y/wt/2 = 0.00
x'/L
0.347 0.521
0.337 0.456
0.309 0.252
0.309 0.251
0.308 0.251
0.307 0.250
0.306 0.250
0.306 0.250
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Table 40. Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle
at AR = 1.265, A./As = 1.46, 6, = 25°, and &, = 15°
(a) Sidewall internal static pressure ratios
x'/L, left side

NPR -0.018 0.080 0.160 0.241 0.321 0.401 0.482

HENO SIS DD
5 = a s s &

OSSN
« e s s & e e

001 0.514 0.653 0.556 0.479 0.404 0.337 0.277
008 0.511 0.650 0.533 0.480 0.403 0.334 0.273
014 0.513 0.650 0.553 0.481 0.402 0.334¢ 0.272
907 0.311 0.649 0.553 0.481 0.402 0.335 0.271
007 0.513 0.648 0.552 0.481 0.402 0.335 0.271
006 0.513 0.650 0.552 0.483 0.403 0.336 0.270
.905 0.515 0.654 0.551 Q.483 0Q.403 0.337 0.269
.910 0.512 0.653 0.551 0.483 0.403 0.337 0.269
x’'/L, right side
NPR -0.282 -0.194 -0.106 -0.018 0.080 0.160 0.241 0.321 0.401 0.482
001 0.966 0.973 0.957 0.528 0.663 0.566 0.482 0.406 0.340 0.283
008 0.969 0.976 0.953 0.531 0.663 0.566 0.475 0.404 0.335 0.278
014 0.969 0.976 0.952 0.532 0.66 0.566 0Q.474 0.403 0.335 0.277
907 0.970 0.976 0.953 0.536 0.661 0.566 0.474 0.403 0.334 0.276
007 0.971 0.976 0.952 0.537 0.661 0.566 0.473 0.402 0.334 0.276
006 0.972 0.976 0.953 Q.541 0.661 0.366 0.474 0.403 0.334 0.276
905 0.973 0.976 0.954 0.540 0.661 0.565 0.474 0.403 0.335 0.276
910 0.973 0.976 0.95 0.538 0.661 0.565 0.474 0.403 0.335 0.276
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 =
x’/L x’'/L X'/L
0.315 0.630 0.189 0.378 0.567 0.756 0.315 0.
0.458 0.443 0.616 0.385 0.451 0.473 0.459 0.
0.456 0.190 0.614 0.383 0.225 0.141 0.459 0.
0.456 0.190 0.613 0.383 0.224 0.1 0.458 0.
0.456 0.190 0.613 0.383 0.224 0.140 0.458 0.
0.457 0.189 0.613 0.383 0.223 0.139 0.458 0.
0.457 0.189 0.613 0.384 0.224 0.139 0.459 0.
0.458 0.189 0.613 0.385 0.224 0.139 0.459 0.
0.458 0.189 0.613 0.385 0.224 0.139 0.459 0.
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 =
x//L x'/L x'/L
0.289 0.579 0.174 0.347 0.521 0.695 0.289
0.291 0.506 0.164 0.352 0.499 0.513 0.281
0.286 0.24]1 0.159 0.308 0.254 0.206 0.279
0.285 0.240 0.159 0.307 0.254 0.206 0.279
0.285 0.240 0.160 0.306 0.253 0.206 0.278
0.284 0.240 0.159 0.306 0.253 0.206 0.278
0.284 0.240 0.159 0.305 0.253 0.205 0.278
0.283 0.240 0.159 0.305 0.253 0.205 0.278
0.283 0.240 0.159 0.304 0.253 0.205 0.277
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Table 41. Nozzle Internal Static Pressure Ratios p/py j for SCF 2-D C-D Nozzle
a.t AR = 1.265, Ae/At - 1-46, 6v’p = 250, and 6U’y = 250

(a) Sidewall internal static pressure ratios

x'/L, left side

NPR -0.018 0.080 0.160 0.241 0.321 0.401 0.482
999 0.630 0.618 0.350 0. 0.434 0.373 0.311
005 0.632 0.613 0.539 0.491 0.408 0.342 0.278
998 0.634 0.611 @ 0.491 0.408 0.342 0.277
385 0.635 0.610 0.540 0.492 0.408 0.342 0.277
996 0.634 0.609 O 0.492 0.408 0.342 0.276
844 0.635 0.611 0.539 0.493 0.408 0.342 0.276
844 0.635 0.610 O 0.493  0.407 0.342 0.276
x’/L, right side
NPR -0.282 -0.194 -0.106 -0.018 0.080 0.160 0.241 0 321 0.401 0.482
999 0.976 0.979 0.957 0.530 0.662 0.366 0.436 0.414 0.352 0.300
005 0.979 0.979 0.9%4 Q. 0.6 0.559 0.473 0.397 0.329 0.
998 0.979 0.978 0.953 0.528 0.657 0.559 Q.467 0.396 0.329 0.
385 0.979 0.978 0.953 0.530 0.657 0.560 0Q.446 0.396 O 328 0.
39 0.980 0.978 0.953 0.333 0.636 0.559 0.372 0.396 0.328 O.
844 0.982 0.979 0.953 0.537 0.655 0.560 0.333 0 397 0.329 Q.
844 0.981 0.979 0.953 0.537 0.655 0.560 0.373 0 396 0.328 0.
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2
x'/L x'/L x’'/L
0.315 0.630 0.189 0.378 0.567 0.756 0.315
0.474 0.384 0.617 0.402 0.254 0.437 0.464
0.457 0.195 0.608 0.381 0.227 0.143 0.453
0.456 0.195 0.606 0.380 0.226 0.143 0.452
0.457 0.194 0.606 0.380 0.226 0.142 0.452
0.457 0.194 0.606 0.381 0.226 0.142 0.4352
0.457 0.194 0.606 0.382 0.226 0.142 0.452
0.457 0.194 0.606 0.382 0.226 0.142 0.452
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2
x’'/L x'/L x’/L
0.289 0.579 0.174 0.347 0.521 0.695 0.289
0.324 0.449 0.234 0.328 0.409 0.483 0.309
0.293 0.235 0.156 0.288 0.254 0.203 0.266
0.292 0.234 0.156 0.287 0.253 0.203 0.266
0.292 0.234 0.158 0.286 0.253 0.202 0.265
0.292 0.234 0.159 0.285 0.253 0.202 0.265
0.291 0.233 0.1359 0.284 0.253 0.202 0.265
0.293 0.234 0.159 0.284 0.253 0.202 0.264

—
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Table 42. Nozzle Internal Static Pressure Ratios p/ pt,j for SCF 2-D C-D Nozzle
at AR == 1-265, Ae/At = 1.63, é‘U.,I) = 00, a,nd 6’”4] = OO

(a) Sidewall internal static pressure ratios

x’'/L, left side

HONISNOVE

NPR -0.195 -0.106 -0.018 0.081 0.161 0.242 0.322 0.403 0.483 0.564 0.644
-995 0.957  0.940 0.420 0.440 0.359 0.269 0.238 0.346 0.372 0.403 0.445
011 0.962 0.943 0.412 0.446 0.353 0.267 0.211 0.179 0.172 0.219
6.024 0.963 0.947 0.408 0.448 0.352 0.266 0.210 0.178 0.169 0.218 .
-299  0.963 0.947 0.408 0.448 0.352 0.266 0.210 0.178 0.167 0.217 O.
996 0.964 0.946 0.409 0.448 0.351 0.265 0.210 0.178 0.166 0.217 O.
7 0.963 0.947 0.408 0.447 0.352 0.265 0.209 0.178 0.165 0.216 O.
0.963 0.947 0.409 0.447 0.352 0.266 0.209 0.178 0.164 0.216 O.
x’/L, right side
NPR -0.195 -0.106 -0.018 0.081 0.161 0.242 0.322 0.403 0.483 0.564 0
95  0.934 0.951 0.436 0.442 0.359 0.270 0.304 0.372 0.393 0.415 O
11 0.957 0.944 0.430 0.445 0.356 0.264 0.211 0.182 0.178 0.224 0
-024 0.958  0.944 0.423 0.446 0.356 0.261 0.209 0.180 0.175 0.223 0
-299  0.959  0.945 0.420 0.446 0.356 0.260 0.2 0.179  0.174 0.223 0
-996  0.939  0.945 0.420 0.446 0.356 0.260 0.207 0.179 0.173 0.223 0
0.959  0.945 0.419 0.446 0.356 0.260 0.207 0.178 0.172 0.223 0O
0.960 0.946 0.418 0.446 0.356 0.259 0.207 0.178 0.170 0.223 0
(b) Divergent-flap internal static pressure ratios
Upper flap
y/vt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.
x’/L Xx'/L x//L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333 0.
995 0.277 0.478 0.369 0.241 0.457 0.519 0.276 0.
011 0.273 0.142 0.366 0.239 0.150 0.165 0.273 0.
024 0.271 0.141 0.365 0.239 0.149 0.165 0.272 0.
299 0.271 0.141 0.364 0.239 0.149 0.164 0.271 0.
996 0.270 0.141 0.365 0.239 0.149 0.164 0.271 0.
007 0.270 0.141 0.365 0.239 0.148 0.164 0.272 0.
453 0.271 0.141 0.366 0.239 0.148 0.164 0.272 0.
Lower flap
y/vt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0,
x’'/L x’'/L x'/L
NPR 0.333 0.667 0.200 0.400 0.600 0.800 0.333
.995 0.271 0.480 0.365 0.239 0.467 0.517 0.270
.011 0.269 0.142 0.360 0.236 0.149 0.164 0.269
.024 0.268 0.141 0.360 0.235 0.148 0.163 0.268
.299 0.268 0.141 0.361 0.235 0.148 0.163 0.268
.996 0.268 0.141 0.360 0.235 0.148 0.163 0.268
.007 0.269 0.140 0.361 0.235 0.148 0.163 0.268
.453 0.269 0.141 0.361 0.235 0.148 0.163 0.269
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Table 43. Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle
at AR = 1.265, Ae/At = 1.63, 61}{1) = 00, and 61]‘y = ].50

(a) Sidewall internal static pressure ratios

018 0.081 0.161
420 0.441  0.356
414  Q.447  0.3353
410 0.450 Q.351
410 0.450 0.350
410 0.450 0.350
410 0.450 0.330
410  0.450 0.350
283 -0.195 -0.106
957 0.969 0.949
963 0.971 0.944
965 0.972 0.945
965 0.972 0.945
966 0.972 0.945
967 0.972 0.946
967 0.972 0.946
(b)
y/wt/2 = -0.50
x'/L
0.333 0.667
0.280 0.483
0.275 0.141
0.273 0.141
0.272 0.141
0.272 0.141
0.273 0.141
0.273 0.141
y/wt/2 = -0.50
x//L
0.333 0.667
0.274 0.482
0.271 0.142
0.270 0.141
0.270 0.141
0.270 0.141
0.270 0.141
0.270 0.141

OOOOO00 O
[y
(=)
&

x'/L, left side

OOOSDOOO [=]
]
[=]
~J

0.403 0.483
0.361 0.383
Q0.177 0.179
0.176 0.173
0.175 0.170
0.175 0.169
0.175 0.167
0.175 0.166

0.161 0.242
0.360 0.269
0.357 0.262
0.357 0.259
0.356 0.239
0.356 0.259
0.357 0.258
0.357 0.258

[slelelelelelo o]

[elalalelolele RN e]

Divergent-flap internal static pressure ratios

[elalolelelolo e

Upper flap
y/wt/2 = 0.00
x’/L

[olelelalelaloie]
BN
£
o
COOOOOO O
5

Lower flap
y/wt/2 = 0.00
x//L

0.

0.236 0.149
0.236 0.148
0.235 0.148
0.235 0.148
0.235 0.148
0.236 0.148

[olelelolelele el

OOPOOOO (=]

[sleleololelele e

483  0.564
380 0.406
185 0.223
182 0.223
180 0.223
179 0.223
177 0.223
176  0.223

y/wt/2 = 0
x'/L
0.333 0
0.278 0
0.274 0
0.273 0
0.272 0
0.272 0
0.272 0
0.273 0
y/wt/2 =0
x'/L

[olelelelololo RN e)
[
A
Yel

(3]

~

[«=]
[olelelelele o R

.50

.50
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Table 44. Nozzle Internal Static Pressure Ratios p/ py,; for SCF 2-D C-D Nozzle
at AR = 1.265, Ac/A; = 1.63, by p = 0°, and 6,5 = 25°

(a) Sidewall internal static pressure ratios

x'/L, left side

0.352 0.450 0.352 0.265 0.226 0.353 0.361 0.385 0.435
0.338 0.453 0.349 0Q.264 0.204 0.179 0.192 0.226 0.220
0.335 0.432 0.349 0.264 0.204 0.178 0.185 0.225 0Q.219
.33 0.452 0.348 0.2 0.204 0.177 0.182 0.22 0.219
0.33 0.452 0.349 0.264 0.204 0.177 0.182 0.223 0.219
x’/L, right side
-0.283 -0.195 -0.106 -0.018 0.081 0.161 0.242 0.322 0.403 0.483 O
.972  0.975 0.951 0.452 0.459 0.360 0.267 0.370 0.408 0.417 O
0.976 0.976 0.947 0.439 0.459 0.356 0.260 0.208 0.177 0.155 O
0.977 0.976 0.947 0.434 0Q.460 0.356 0.257 0.206 0.175 0.153 O
0.978 0.975 0.947 0.433 0.460 0.355 Q.257 0.206 0.174 0Q.153 O
.978  0.975 0.947 0.432 0.460 0.356 0.257 0.205 0.174 0.153 O
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2
x'/L x'/L x’/L
0.333 0.667 0.200 0.400 0.600 0.800 0.333
0.284 0.485 0.303 0.253 0.487 0.505 0.243
0.280 0.140 0.300 0.245 0.150 0.162 0.240
0.278 0.140 0.299 0.244 0.149 0.160 0.238
0.278 0.140 0.298 0.244 0.148 0.160 0.237
0.278 0.140 0.298 0.244 0.148 0.160 0.237
Lower flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2
x//L x'/L x'/L
0.333 0.667 0.200 0.400 0.600 0.800 0.333
0.277 0.487 0.296 0.263 0.485 5 0.240
0.274 0.141 0.295 0.240 0.148 0.159 0.234
0.274 0.140 0.295 0.239 0.148 0.158 0.233
0.273 0.140 0.295 0.238 0.148 0.158 0.233
0.273 0.140 0.295 0.238 0.148 0.158 0.233
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Table 45. Nozzle Internal Static Pressure Ratios p/p; ;j for SCF 2-D C-D Nozzle
at AR = 1.265, Ao/A; = 1.63, 6y p = 25°, and &,y = 0°

(a) Sidewall internal static pressure ratios

x'/L, left side

NPR -0.195 -0.106 -0.018 0.081 0.161 0.242 0.322 0.403 0.483 0.564
2.031 0.970 0.948 0.513 0.663 0.573 0.512 0.454 0.397 0. 0.302
3.998  0.972 0.951 0.494 0.647 0.546 0.468 0.394 0.327 0.265 0Q.222
2.9953  0.973  0.953 0.492 0.648 0.345 0.469 0.394 0.32 0.264 0.220
7.305 0.972  0.953 0.646 0.546 0.469 0.394 0.327 0.263 0.219
8.005 0.972 0.9%4 0.491 0.645 0.545 0.470 0.393 0.327 0.263 0.218
9.996 0.970 0.9%4 0.493 0.646 0.544 0.471 0.393 0.328 0.262 0.218
2.009 0.970 0.95 0.648 0.544 0.471 0.394 0.327 0.262 0.217

[y

-0.195 -0.106 -0.018 0.081 0.161 0.242 0.322 0.403 0.483 0.564

2.031 0.963 0.956 . . . . . . .350
3.998 0.%63 0.950 0.%07 0.639 0.551 0.463 0.390 0.325 0.271
995 964 0. . . .

3

5. 0. .950  0.530 641 0.551 0.462 0.391 0.324 0.270 0.224
7.305 0.965 0.950 0.533 0.640 0.551 0.462 0.391 0.323 0.270
8.005 0.965 0.950 0.532 0.640 0.550 0.461 0.391 0.323 0.269 0.222
9.996 0.963 0.950 0.532 0.642 0.5%0 0.462 0.392 0.323 0.269 0.222
12.009 0.96¢5 0.951 0.541 0.640 0.550 0.462 0.392 0.323 0.270 0.222
(b) Divergent-flap internal static pressure ratios
Upper flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x'/L x'/L x'/L
0.319 0.639 0.191 0.383 0.575 0.767 0.319 0.639
0.486 0.276 0.621 0.426 0.303 0.466 0.486 0.274
0.446 0.188 0.602 0.372 0.220 0.138 0.448 0.188
0.446 0.189 0.599 0.372 0.219 0.137 0.447 0.188
0.447 0.189 0.599 0.371 0.219 0.136 0.447 0.187
0.447 0.189 0.599 0.371 0.218 0.136 0.446 0.188
0.447 0.189 0.599 0.371 0.218 0.136 0.446 0.188
0.447 0.189 0.599 0.372 0.218 0.136 0.446 0.188
Lover flap
y/wt/2 = -0.50 y/wt/2 = 0.00 y/wt/2 = 0.50
x’/L x’/L x’/L
0.285 0.570 0.171 0.342 0.512 0.683 0.285 0.570
0.340 0.438 0.303 0.348 0.419 0.468 0.336 0.438
0.245 0.215 0.187 0.276 0.215 0.183 0.232 0.215
0.245 0.215 0.193 0.277 0.215 0.183 0.230 0.214
0.244 0.214 0.193 0.276 0.215 0.182 0.231 0.214
0.243 0.214 0.:181 0.274 0.216 0.182 0.230 0.213
0.244 0.214 0.190 0.276 0.215 0.181 0.232 0.214
0.243 0.214 0.186 0.276 0.215 0.180 0.229 0.213



Nozzle Internal Static Pressure Ratios p/p; ; for SCF 2-D C-D Nozzle

at AR = 1.265, Ac/A; = 1.63, 6, , = 25°, and 6,y = 15°

(a) Sidewall internal static pressure ratios

(b) Divergent-flap internal static pressure ratios

Table 46.

NPR -0.018 0.081 0.161
2.010 0.516 0.661 0.567
4.002 0.500 0.644 0.541
6.002 0.501 0.642 0.541
7.306 0.497 0.643 0.540
8.006 500 0.643 0.540

10.000 0.499 0.645 0.539

NPR -0.283 -0.195 -0.106
2.010 0.964 0.975 0.96
4.002 968 0.976 0.932
6.002 0.970 0.975 0.951
7.304 0.971 0.97 0.952
8.006 0.971 0.976 0.951

10.000 0.972 0.976 0.953
y/wt/2 = -0.50
x’/L

NPR 0.319 0.639
2.010 0.482 0.272
4.002 0.446 0.188
6.002 0.446 0.188
7.304 0.446 0.187
8.006 0.447 0.187
10.000 0.447 0.187

y/wt/2 = -0.50
x’'/L

NPR 0.285 0.570

2.010 0.327 .
4.002 0.239 0.213
6.002 0.247 0.217
7.304 0.246 0.217
8.006 0.237 0.212
10.000 0.245 0.216

60

0.242
0.509
0.468
0.469
0.469

0.470
0.470

0.191

0.621
0.602

o00
888

x’'/L, left side

0.322 0.403 0.483

658 0.570 0.495
645 0.553 0Q.461
646 0.353 0.4X9
646 0.553 0.439
645 0.552 0.439
645 0.552 0.460

Upper flap
y/wt/2 = 0.00°
®'/L
0.383 0.575

0.423 0.3
0.374 0.220
0.374 0.219
0.374 0.219
0.374 0.219
0.374 0.219
Lover flap
y/wt/2 = 0.00
x'/L

0.767

.461
.139
38

[evlelslelale]
b b b
w
J

38
.137

0.403 0.483
0.391 0.346
0.326 0.271
0.324 0.269
0.324 0.269
0.324 0.268
0.325 0.268

y/wt/2 =

x‘/L

0.50
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Table 47. Nozzle Internal Static Pressure Ratios p/p;; for SCF 2-D C-D Nozzle
at AR = 1.265, Ae/At = 1-63, 61_1.‘1) = 250, and 61)‘y = 250

(a) Sidewall internal static pressure ratios

x'/L, left side

NPR -0.018 0.081 0.161 O 242 0.322 0.403 0.483 O 564
0.623 0.618 0.363 0.525 0.455 0.392 0.338 0.299
0.608 0.396 0 0.480 0.399 0.329 0.269 0.225
0.611 0.595 0.526 0.480 0.339 0.329 0.268 0.222
0.611 0.598 0.525 0.481 0.399 0.329 0.266 0.221
0.612 0.3599 0.525 0.481 0.399 0.32 0.266 0.220
0.611 0.600 0.526 0.481 0.399 0.328 0.266 0.220
0.612 0.599 0.5 0.480 0.399 0.328 0.267 0.221
x' /L, right side
_0.283 -0.195 -0.106 -0.018 O 081 0.161 0.242 0.322 0.403 0.483
002 0.977 0.977 0.939 0.543 0.653 0.572 0.503 0.449 0.396 0.348
004 0.978 0.978 Q.934 0.321 0.638 0.346 0.43¢ Q 185 0.320 0.265
009 0.979 0.978 0.934 0523 0.639 0.546 0.433 0 384 0.319 0.263
‘001 0.981 0.978 0.933 0.523  0.639 0.546 0.432 0.384 0.318 0.263
5 0.981 0.978 0.933 0.526 0.639 0.546 0.433 0.384 0.318 0.263
3 0.981 0.978 0.933 0.526 0.639 0.546 0.432 0.384 0.318 0.263
2 0.980 0.978 0.953 0.521 0.640 0.546 0.452 0.384 0.318 0.263
(b) Divergent-flap internal static pressure ratios
Upper flap
y/vt/2 = -0.50 y/ut/2 = 0.00 y/wt/2
x'/L x'/L x'/L
0.319 0.639 0.191 0.383 0.575 0.767 0.319
0.492 0.277 0.618 0.430 0.296 0.468 0.487
0.447 0.190 0.595 0.371 0.220 0.140 0.443
0.446 0.190 0.3%4 0.370 0.219 0.139 0.442
0.447 0.189 0.593 0.371 0.219 0.139 0.442
0.447 0.189 0.594 0.371 0.219 0.139 Q.442
0.447 0.189 0.594 0.371 0.219 0.139 -0.442
0.447 0.189 0.594 0.371 0.219 0.139 0.442
Lower flap
y/wt/2 = =0.50 y/wt/2 = 0.00 y/wt/2 =
x’'/L x'/L x! /L
0.285 0.570 0.171 0.342 0.512 0.683 0.285
0.349 0.436 0.297 0.355 0.411 0.461 0.344
0.249 0.207 0.122 0.242 0.226 0.181 0.210
0.248 0.206 0.126 0.241 0.225 0.180 0.209
0.247 0.206 0.127 0.239 0.225 0.180 0.208
0.247 0.206 0.128 0.239 0.224 0.180 0.208
0.247 0.206 0.127 0.238 0.224 0.179 0.207
0.247 0.206 0.127 0.240 0.225 0.180 0.

[olelelolelolen g e)
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Static pressure orifice locations
X, in. | Sta, in. (év,p = 0°) 0, deg
-0.313 47.770 0 and 180
0.279 48,962
2.070 50. 153
3.262 51.345
4,453 52.536
Sta 46,580 (at év 0 = (°)
f—— X
—— 1,503 —>= 5.646

7

4,28

€),

(b) Axisymmetric convergent-divergent nozzle.

Figure 4. Concluded.

P

2.832
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ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

Figure 6. Photograph of spherical-convergent-flap nonaxisymmetric nozzle. §,, = 25°; 6

L-88-6836

v,y = 00 .
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(b) Spherical-convergent-flap section.

Figure 7. Continued.
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dimensions

on gimballed axisymmetric nozzle. Linear

ifices

C pressure or

Figure 8. Alternate axis system for stati

are given in inches,
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Figure 10. Effect of nozzle pressure ratio on internal static pressure distributions of gimballed axisymmetric
nozzle. &, p = 0°.
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axisymmetric nozzle. NPR = 9.0.
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Figure 11. Concluded.
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(a) Ac/Ar = 1.46: sidewalls.

Figure 13. Effect of nozzle pressure ratio on internal static pressure distributions of SCF 2-D C-D nozzle at
AR = 2.508. bpp = vy = 0°: solid line indicates left sidewall or upper flap: dashed line indicates right
sidewall or lower flap.
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(b) Ae/As = 1.46; divergent flaps.

Figure 13. Continued.
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(d) A./A; = 1.63; divergent flaps.

Figure 13. Concluded.
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(a) A./A; = 1.46; sidewalls.

Figure 14. Effect of nozzle pressure ratio on internal static pressure distributions of SCF 2-D C-D nozzle at
AR = 2.083. bpp = Ouy = 0°; solid line indicates left sidewall or upper flap: dashed linc indicates right
sidewall or lower flap.
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(b) Ae/A; = 1.46; divergent flaps.

Figure 14. Continued.
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Figure 14. Concluded.
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Figure 15. Effect of nozzle pressure ratio on internal static pressure distributions of SCF 2-D C-D nozzle at
AR = 1.265. 6, p = byy = 0°; solid line indicates left sidewall or upper flap; dashed line indicates right

sidewall or lower flap.
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(a) Thrust performance with 6y p = 0°.

Figure 17. Effect of NPR on internal performance of SCF 2-D C-D nozzle with AR = 2.508 and A./A; = 1.63.
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(a) Thrust performance with &, , = 0°.

Figure 18. Effect of NPR on internal performance of SCF 2-D C-D nozzle with AR = 2.083 and A./4; = 1.46.
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Figure 19. Effect of NPR on performance of SCF 2-D C-D nozzle with AR = 2.083 and A¢/A; = 1.63.
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0°.

(a) Thrust performance with &y p

Figure 20. Effect of NPR on performance of SCF 2-D C-D nozzle with AR = 1.265 and A./A; = 1.46.
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Figure 20. Continued.
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(¢) Thrust performance with byp = 25°.
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(a) Thrust performance with 8y p = 0°.

Figure 21. Effect of NPR on performance of SCF 2-D C-D nozzle with AR = 1.265 and A./A; = 1.63.
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(d) Resultant thrust vector angles with &, , = 25°.

Figure 21. Concluded.
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Figure 22. Effect of geometric thrust vector angle on SCF 2-D C-D nozzle performance. Dashed line indicates
design value of resultant thrust vector angles.
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Figure 22. Continued.
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Figure 22. Concluded.
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Figure 24. Effect of nozzle expansion ratio A./A; on resultant thrust vector angles. Dashed lines indicate
design value of resultant thrust vector angles.
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Figure 24. Concluded.
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Figure 25. Effect of nozzle aspect ratio on SCF 2-D C-D nozzle performance.
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Figure 26. Effect of throat aspect ratio on internal static pressure distributions of SCF 2-D C-D nozzle.
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